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ABSTRACT
ESSAYS ON MONETARY POLICY AND FINANCIAL
MARKETS
by
Hardik A. Marfatia
The University of Wisconsin Milwaukee, 2013.
Under the Supervision of Dr. N. Kundan Kishor.
My dissertation utilizes the valuable information present in forward
looking financial securities to understand important aspects of mone-
tary policy analysis. In the first chapter, I attempt to address the long
standing empirical challenge of estimating the forward-looking com-
ponent of the New Keynesian Phillips Curve (NKPC). Since future
inflation expectations are unobservable, I use the information in the
inflation-indexed bond market to estimate the NKPC for the U.K.
In order to account for any possible measurement error present in
the inflation-indexed bond market proxy, the unobserved component
model is used. This approach has the advantage of being able to ex-
tract the unobserved inflation expectations using the Kalman filter and
to jointly estimate the parameters of the NKPC. Results show that the
estimated inflation expectations from the model play a significant role
ii
in explaining the inflation dynamics in the U.K. Evidence also suggests
in favor of the Phillips curve tradeoff between inflation and output.
The second chapter of my dissertation uses the information in the
federal funds futures market and conduct an event study to evaluate
the impact of Fed’s policy actions on 35 leading stock price indices
across the world. Using a time-varying parameter model, the study
finds significant time-variation in the response of global equity markets
to U.S. monetary policy surprises with a greater response during the
crisis periods. Interestingly, in the recent financial crisis stock markets
in Europe and the U.S. responded negatively to unanticipated interest
rate cuts by the Fed. Further, the response of the Asia-pacific region
and Latin American stock markets is at least as strong as the response
of the U.S. and the European equity markets.
The final chapter of my dissertation asks the question whether the
federal funds futures rate contains information about the Treasury bill
rate. Using high frequency daily data, I examine the dynamic relation-
ship between these two interest rates. The results show that the one
month federal funds futures rate move together with the 3-month T-
bill rate in the long-run. More importantly, in contrast to the existing
literature, any deviation from this long-term equilibrium is corrected
by subsequent movements in both the T-bill rate and the federal funds
futures rate.
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1CHAPTER 1
Overview
Expectations of economic agents plays a vital role in both theoretical and em-
pirical models. Measuring the expectations are also necessary to evaluate the
effectiveness of monetary policy. While explicit incorporation of expectations in
many theoretical models is driven almost by necessity, the empirical estimation of
expectations is notoriously challenging. It is common to use survey based measures
or econometric techniques to capture future expectations of economic and policy
variables. In recent times, the prices of certain types of forward-looking financial
market instruments have been found to contain significant information that em-
beds the expectations of economic agents. These instruments act as proxies for
future expectations of economic variables and have several appealing properties.
They provide the advantages of being a natural market based metric, are entirely
forward-looking, are available at high-frequency and under certain conditions are
highly efficient. My thesis attempts at utilizing this superior forward-looking infor-
mation content of financial markets to understand some of the key issues involved
in monetary policy analysis.
Estimating inflation dynamics is one of the central topics of discission among
monetary policy makers and macroeconomist. The New Keynesian Phillips Curve
2(NKPC) has been found to provide a reasonable micro-founded explanation to how
the macroeconomic inflation process is driven by the real economy, past inflation
and expected future inflation. since inflation expectations are not directly observ-
able one of the empirical challenges in the estimation of NKPC comes from the
measurement of the forward looking component of the model. However, measuring
these expectations are imperative for researchers interested in understanding the
inflation dynamics of the economy.
The first essay attempts at addressing this challenge of measuring inflation
expectations and estimate the inflation dynamics in the U.K.. I utilize the in-
formation in the inflation-indexed bond markets. The inflation premium - the
yield spread between inflation-indexed bonds and nominal bonds - is found as an
effecient proxy for expected future inflation. However, due to considerations of
liquidity and other risk factors, it becomes necessary to account for an unobserv-
able measurement error in the inflation premium. This issue is addressed by using
unobserved component approach developed by Harvey (1985) and others. The
main advantage of this approach comes from using the Kalman filter to explicitly
estimate the unobserved expected inflation from the observed inflation premium.
Our results show that estimated inflation expectations from our model plays a sig-
nificant role in explaining the inflation dynamics in the U.K.. The evidence also
suggests that the inflation expectations from the model are better able to capture
the actual evolution of inflation process as compared to the inflation premium as
a proxy for expected inflation. Further, mild but statistically significant tardeoff
3is found between inflation and the real economy.
It is true that estimating the inflation dynamics is central to monetary pol-
icy making. However, the most immediate impact of monetary policy actions
are felt on the financial markets. It is of considerable interest to monetary pol-
icy makers to assess the impact of policy changes on asset prices, particularly
stock prices. The analysis is particularly complicated by the problems of endo-
genity and identification of monetary policy shocks. In analyzing the impact of
monetary policy, the event study methodology has been found to greatly reduce
the problem of endogenity (Bernanke and Kuttner 2005; Cook and Hahn 1989;
Gu¨rkaynak et al. 2005). For identifcation of policy shocks it is imperative to cap-
ture the market expectation of future policy actions. The federal funds futures
market is found to possess significant information that can “efficiently” predict
the future monetary policy actions (Gu¨rkaynak et al. 2007; Krueger and Kuttner
1996; Robertson and Thornton 1997). The second essay, I utilize the information
in the federal funds futures market to analyze the impact of U.S. monetary policy
shocks on the 35 leading stock markets of the world. The unexpected component
of FOMC policy announcements is extracted from federal funds futures data using
Kuttner (2001) methodology. An event study is then undertaken to measure the
high-frequency response of stock returns to unexpected changes the Fed’s policy
announcements. Commonly, similar event study is done using the fixed coefficient
approach (Bernanke and Kuttner 2005; Ehrmann and Fratzscher 2009; Hausman
and Wongswan 2011; Wongswan 2009). This is in contrast to anecdotal and em-
4pirical evidence which suggest that the impact of monetary policy on stock market
may vary with time (Andersen et al. 2007; Bekaert and Harvey 1995; Campbell et
al. 1997).
To account for the possible time variation in the response of stock markets the
second essay adopts a time-varying coefficient framework. Following the pioneering
work of Cooley and Prescott (1976), the time-variation is modeled as driftless
random walks, and is estimated using the maximum likelihood via the Kalman
filter. To account for possible heteroscedasticity present in the error term the
paper follows Harvey et al. (1992) and allow conditional heteroskedasticity in the
error term. The results show significant time-variation in the response of the global
equity markets to U.S. monetary policy surprises, where an unanticipated interest
rate cut leads to an increase in stock returns. The findings also suggest that
the foreign stock markets respond more to U.S. monetary policy surprises during
the crisis periods. The paper also find that unlike previous episodes of crisis,
the stock markets in Europe and the U.S. responded negatively to unanticipated
interest rate cuts by the Fed during the recent financial crisis.
Understanding the interest rate movements is another topic that interests mon-
etary policy makers, macroeconomist and financial market participants. Given the
significance of the information content in the federal funds futures rate, it would
be interesting to investigate how the fed funds futures rate link with the short
term interest rates in the U.S.. This question is investigated in the third essay of
my thesis. Using high frequency daily data I examine the dynamic relationship
5between the federal funds futures rate and the 3-month T-bill rate. The results
show that the one month federal funds futures rate is cointegrated with the 3-
month T-bill rate, and thus move together in the long-run. Further, any deviation
of the one month federal funds futures rate and the T-bill rate from their long
run equilibrium is corrected by subsequent movements in both the federal funds
futures rate and the T-bill rate. Using this long term relationship the federal
funds futures rate and the T-bill rate is decomposed into a trend and cycle using
the multivariate Beveridge-Nelson methodology. The results show a big positive
cycle in the federal funds futures rate before 2008 implying a future downward
movement in federal funds futures rate.
6CHAPTER 2
Estimating New Keynesian Phillips
Curve for the U.K. : Evidence from
Inflation-Indexed Bonds Market
2.1 Introduction
It is widely accepted that inflationary expectations are not directly observable.
However, measuring these expectations become necessary for researchers inter-
ested in understanding the inflation dynamics of the economy. The New Key-
nesian Phillips Curve (NKPC) has been found to provide a reasonable micro-
founded explanation to how the macroeconomic inflation process is driven by the
real economy, the past inflation and the expected future inflation. One of the em-
pirical challenges in estimation of the NKPC come from the measurement of the
forward-looking component. Usually based on rational expectations assumption,
researchers have used realized inflation or survey based forecasts as a proxy for
expected inflation and estimated NKPC using Generalized Method of Moments
(GMM). However, B˚ardsen et al. (2004) and many other studies show that using
GMM for NKPC estimation may not be the best strategy since the model is likely
to be either weakly identified or dynamically mis-specified.
7In the present study, I use the valuable information in the inflation-indexed
bond markets to estimate the NKPC for the U.K.. Using the U.K. data provides
the advantage of the longest sample period that is available for the inflation in-
dexed bond markets. The inflation premium rates – the yield difference between
inflation-indexed and conventional treasury bonds – are generally considered to
embed the future inflation expectations. These rates have the appealing charac-
teristics of being a market based metric of inflation expectations that gets updated
on daily basis and is available for several horizons.1 However, due to considera-
tion of liquidity and other risk factors, the inflation premium is related to, but
not equal to the expectations of future inflation (Gu¨rkaynak et al. 2010; Shen
and Corning 2002). In light of these evidences, Gulya`s and Startz (2006) uses
the inflation premium as a proxy for the forward-looking component of NKPC
and use the spot and forward inflation premium rates as instruments. However,
this approach is likely to generate inconsistent estimates since it can easily be
contemplated that the shocks to actual inflation are correlated with the inflation
premium rate. Further, it does not take into account the liquidity and other risk
factors that are highlighted in the literature.
In this paper, instead of using the inflation premium as a direct proxy I argue
that neither the underlying inflation expectations nor the measurement errors
are directly observable. Hence, I use the unobserved component (UC) approach
proposed by Harvey (1985); Watson (1986) and Clark (1987) to address the issue
1Scholtes 2005 shows the relative merit of inflation expectation extracted from indexed linked
bonds as compared to the survey based proxies.
8of measurement error. Using this approach, the observed inflation premium is
decomposed into two unobserved components namely, the inflation expectations
and the measurement error. Gaining insights from Morley et al. (2003) and Lee
and Nelson (2007), I model inflation expectations as a random walk process and
the measurement error as an autoregressive process. One of the benefits of such
specification is that it opens the possibility to estimate the correlation between
shocks to expected inflation and shocks to measurement error (Morley et al. 2003).
I also consider other correlation structures of the model as a robustness test. The
distinctive feature of this approach is that the Kalman algorithm can be used
to extract the unobserved inflation expectations from the inflation premium and
jointly estimate the parameters of the NKPC model. Since this strategy exploits
the dependence structure between different components of the model it is expected
to provide more reliable and accurate estimates.
The results show that future inflation expectations play a statistically signifi-
cant role in explaining the actual inflation dynamics in the U.K.. The coefficient
of forward-looking component extracted from the unobserved component model
is estimated around 0.34 and is statistically significant. The estimates also imply
the presence of substantial degree of price stickiness. Importantly, evidence sug-
gests a significant relationship between inflation and the stance of real economy.
The slope of Phillips curve is flat in the range of 0.15. These results are robust
to various alternative maturities of the inflation premium rates considered in the
paper.
9I find that inflation expectations estimated from the unobserved component
model adequately accounts for measurement error present in the inflation pre-
mium and very closely tracks the actual inflation process. The estimated inflation
expectations offers a higher explanatory power relative to the inflation premium
as proxy of the actual inflation rate. Further, the correlation between unobserved
inflation expectations and measurement error is significant around −0.86. The
measurement errors that are attributable to the liquidity premium and other risk
factors are also significant, highly persistent, and possibly volatile.
The remainder of the paper is organized as follows. Section II presents some
fundamental features of the inflation indexed bond markets and its link to the
expected future inflation. A brief literature overview about NKPC is discussed
in section III. Section IV specifies the unobserved component model with the
discussion of the results in section V. A variety of robustness check is conducted
in section VI, followed by concluding remarks in the last section.
2.2 Inflation-Indexed Securities and Inflation Expectations
The U.K. government first issued inflation-indexed financial securities (also called
Index-linked gilts) in the early 1980’s. Initially, this market was thin but given the
appealing properties of these securities its market has grown steadily over time.
In 2009, more than 25% of £353 billion total outstanding debt stock was in the
form of index-linked bonds.
The underlying intent of these bonds is to protect the bond holders from future
10
rise in inflation by adjusting the coupons and principal to the evolution of inflation
price index. Hence, these bonds are also called real return bonds. For example,
assume that an investor buys a 4-year conventional Treasury bond at par with a
6 percent coupon rate and also buys a 4-year inflation-indexed bond at par with
a coupon rate of 4.5 percent. Now, suppose the inflation rate measured by the
retail price index (RPI) turns out to average 2.5 percent in the next 4 years. In
this case the investor earns a 6 percent nominal return but the real return on this
investment would only be 3.5 percent. On the other hand, the real return on the
inflation-indexed bond would be 4.5 percent while the nominal return on it would
be 7 percent. Thus, the real return of the investors are protected by the risk of
unexpected inflation over the span of these 4 years.
The difference between the yields on conventional Treasury bonds (quoted in
nominal terms) and inflation-indexed bonds (quoted in real terms) of comparable
maturity is called the inflation premium. In a world where the investors are risk-
neutral and only concerned with real returns, ideally the inflation premium would
be equal to the expected future inflation rate. This is because any information
that the market believes is going to affect the inflation in the future would be
quickly reflected in the prices of these two types of securities so as to equalize the
real return. Thus, if the 10-year real return bonds are currently trading at 4.5
percent and comparable maturity nominal government bonds are trading at 6.5
percent yield, then the yield difference of 2 percent is attributed to expected future
inflation. In real world, in order to derive inflation expectations from the inflation
11
premium further adjustment is needed for two principle reasons. Since nominal
bonds are exposed to uncertain future real returns the risk averse investors would
demand a inflation risk premium. On the other hand, relatively small market size
of inflation indexed bonds leads to the presence of liquidity risk premium on these
bonds.
The inflation premium as a measure of future inflation expectations offers
significant merit over survey based methods. Survey based measures usually cover
a small portion of the population, are updated infrequently, and the accuracy may
be compromised by survey respondents that answers the questions casually. In
contrast, the inflation premium is based on wide investors base, is entirely forward-
looking, timely, and updated every working day for a wide range of maturities.
Further, given the amount of investors money in the index-linked gilts market the
price discovery is expected to be far more accurate. Thus, it provides a superior
measure of inflation expectations as compared to other measures like the survey
based measures.
Cedric Scholte’s of the Bank of England discusses the dual benefits of the infla-
tion premium as a proxy for expected inflation (Scholtes 2005). At the shorter end
of the forecast horizon, the study shows the information superiority of the 2-year
inflation premium as compared to Barclays Basix surveys of inflation expectations.
Meanwhile, the longer-term inflation premium rates serve as a measure of the mon-
etary policy maker to assess the inflation credibility. Breedon and Chadha (1997)
also show that the forecasting performance of inflation expectations derived from
12
the index-linked bond market is atleast as good as the expectations derived using
either the nominal term structure alone or the forecasts derived from macroecono-
metric models.
The choice of curve-fitting technique is important in obtaining the inflation
premium rates. The U.K. index-linked gilt market has the advantage of having
securities outstanding over wide range of maturities up to 25 years. This leads to
a reasonably well-specified fitting of a relatively smooth yield curve. The Bank
of England uses a modified cubic smoothing splines methodology to fit nominal
and real yield curves.2 The daily data for the inflation premium across various
maturities for both spot and forward rates is published by the Bank of England.
The spot inflation premium rates can be looked upon as an average rate of inflation
expected to rule over a given period. Similarly, the forward implied inflation
premium rates can be interpreted as the rate of inflation expected to rule over a
given period which begins at some future date.3
In this study, I use the 4-year spot inflation premium for the baseline NKPC
estimation. As a robustness check, I also use 4-year forward, 10-year spot and
10-year forward inflation premium rates. Even though it would be ideal to use
shorter maturity yields as a measure of inflation expectations, the limitation of
data availability dictates us to choose 4-year maturity as it is the shortest maturity
available without any missing values.4 The dataset spans across 21 years from the
2See Anderson and Sleath (2001) and Deacon and Derry (1994) for details.
3In the limit, one can calculate instantaneous forward im-
plied inflation rates just as with real and nominal rates. See
http://www.bankofengland.co.uk/statistics/Pages/yieldcurve/default.aspx for more details.
4While much shorter maturities exists, BOE states that “we only provide data at maturities
13
first quarter of 1988 to the last quarter of 2009.
2.3 Literature Review
In an influential work, Gali and Gertler (1999) developed and estimated a hy-
brid specification of the NKPC. This specification has been widely used as a
description of macroeconomic inflation dynamics derived from micro-foundations.
It shows how the current inflation rate is affected by past inflation, future inflation
expectations and aggregate demand pressure. Specifically,
pit = α + γ
bpit−1 + δxt + γfE(pit+1|It) + pi,t (2.1)
where pit and pit−1 is the actual and the lagged inflation rate and E(·|It) is the
expectations of inflation in period t + 1 conditional upon the information set
available in period t. The variable xt is the ‘driving variable’ that captures the
aggregate demand side pressures. This may be represented by Hodrik Presscot
filter de-trended output or real marginal costs (Gali and Gertler 1999; Gali et al.
2001 among others) or model based output gap (Neiss and Nelson 2005).
Barring the differences as to what constitutes the driving variable, this specifi-
cation nests other forms of Phillips curve developed in the literature. For example,
if γb = 1 and γf = 0 then it leads to the basic adaptive expectations Phillips curve
with dominant inflation stickiness (Fuhrer 1997; Fuhrer and Moore 1995; Linde´
where we think the curve can be fitted so that it is stable and meaningful” (Notes on the Bank
of England Yield Curves). Gulya`s and Startz (2006) also use 4-year and ahead maturities to
capture inflation expectations in the estimation of the NKPC.
14
2005; Roberts 2005; Rudebusch 2002). Alternatively, γb = 0 and γf = 1 leads to
a pure forward-looking NKPC formulation. Studies have found this specification
to a more appropriate model for inflation dynamics (Cogley and Sbordone 2008;
Gali et al. 2005; Sbordone 2002, 2005).
Given the importance of these parameters especially in the context of monetary
policy analysis (see Clarida et al. 1999, 2000) it is not surprising that empirical
estimations of the hybrid NKPC parameters has received widespread attention.
However, rationalizing the empirical findings across studies is not straight forward
due to differences in the exact specification, the proxy used for the driving variable
xt, the econometric technique used and the country and the period under scrutiny.
One of the key challenges involved in estimation of the hybrid NKPC is to
measure the expectations of future inflation which are not directly observable.
Most existing studies use realized inflation or survey based inflation forecast in
conjunction with Generalized Method of Moments (GMM) estimation or other in-
strumental variable methods.5 However, B˚ardsen et al. (2004); Mavroeidis (2005);
Nason and Smith (2008) discuss the limitations of GMM in forward-looking mod-
els that use large number of instruments and a general correction of the covariance
matrix. These studies recommend against indiscriminate application of GMM in
estimating NKPC, since it is very likely to be either mis-specified or spuriously
identified. Linde´ (2005) also find that single equation methods, e.g. GMM, are
likely to produce imprecise and biased estimates for NKPC and argue in favor of
5It is common to use four to six lags of inflation together with other instruments like interest
rates, exchange rates, stance of real economy etc to correct for high-order serial correlation in
the covariance matrix.
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the model with full information maximum likelihood (FIML).
As an alternative measure of future inflation rate, the inflation-indexed bonds
market is found to contain useful information about investors forecasts of inflation
expectations. The price of these financial securities provides natural market-based
proxy of inflation expectations. They provide “the advantages of being available
for a wide range of maturities, entirely forward-looking, timely, and updated every
working day”(Scholtes 2005). Even while studies have found presence of significant
information content in this market about inflation expectations, it is imperative
to extract the inflation risk premium and liquidity premium components from the
yields of these securities to estimate the underlying inflation expectations (Barra
and Campbell 1997; Gu¨rkaynak et al. 2010; Joyce et al. 2010; Pflueger and Viceira
2011; Shen and Corning 2002).
In other but related strand of literature focus on exploiting the Kalman fil-
ter technique to estimate the unobserved state variables within the state-space
framework (Clark 1987; Harvey 1985; Watson 1986). Basistha and Nelson (2007)
estimates a forward-looking NKPC for the U.S. by treating the output gap as un-
observable and using Michigan survey of inflation expectations. In another study
Kim et al. (2011) estimate unobserved trend-cycle models of the U.S. inflation
that is consistent with NKPC. In a pure forward-looking specification (γb = 0),
Lee and Nelson (2007) show the slope of the Phillips curve depends critically on
the horizon of the forward-looking inflation expectations, provided the cyclical
component of unemployment (a proxy for xt) is highly persistent.
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In this paper, I draw support from these different but related strands of lit-
erature. I use the superior information in the inflation-index bond markets to
estimate a hybrid version of NKPC. I treat inflation expectations as unobserved
and also allow it to be correlated with the unobserved measurement error present
in the inflation premium.
2.4 Model Specification
2.4.1 Baseline Model
Following Gali and Gertler (1999), I specify the following hybrid Phillips curve that
is based on optimizing forward-looking and backward-looking monopolistically
competitive firms:
pit = α + γ
bpit−1 + δgt + γfpiet + pi,t pi,t ∼ i.i.d.N(0, σ2pi) (2.2)
The above specification closely represents equation (2.1) except that I use piet to
represent the unobserved expected future inflation. To measure these expecta-
tions, I use current 4-year and 10-year spot and forward inflation premium rates
that are derived from inflation-indexed bonds market. In the above equation the
actual inflation rate pit is calculated as annual percentage change in Retail Price
Index (RPI). Specifically, pit = [ln(RPIt) − ln(RPIt−4)]x100. The seasonally ad-
justed RPI is sourced from Office for National Statistics, UK. The variable gt
represents the output gap computed as the deviation of real GDP from trend or
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potential output based on standard Hodrik Prescott (HP) filter (Gali 2002; Jon-
deau and Bihan 2005; Mihailov et al. 2011). As a measure of output, I use log
of seasonally adjusted quarterly real GDP from International Financial Statistics
dataset. Any differences in the frequency of the data availability are matched to
make it quarterly averages. The theory suggests the value of δ to be positive im-
plying that any increase in the output above its trend will lead to upward pressure
on inflation. Further, theoretically the sum of γb and γf is expected to be equal
to one since there is no long run Phillips curve tradeoff.6
The basic OLS regression results from estimating the above equation are pre-
sented in Table 2.1. The results show the value of δ to be positive and significant
signifying the presence of short run tradeoff between inflation and output (or un-
employment). Evidence also suggests that backward looking component play a
dominant role in explaining the actual inflation behavior in the U.K. The coef-
ficient of future expectations of inflation (γf ) is significant but much smaller in
value around 0.13. Interestingly, the sum of the weights on backward-looking
component (γb) and forward-looking component (γf ) is nearly one.7 Thus, in the
long-run actual inflation is affected only by past and future inflation but not by
the demand side pressures. This is consistent with the theory according to which
there is no Phillips curve tradeoff in the long run.
6The underlying structural parameter of the model include the degree of price stickiness, the
degree of “backwardness”, the inter-temporal discount factor etc. See Gali and Gertler (1999)
for detailed derivation.
7The Wald test statistic also show the null hypothesis of γb + γf = 1 cannot be rejected
at even one percent confidence level. These results are not presented to maintain brevity but
available upon request.
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These findings hold regardless of the proxy used to measure inflation expecta-
tions. However, the results must be read with an important caveat that the only
adjustment is in the form of Newey-West HAC Standard Errors & Covariance.
No explicit treatment of measurement error present in the inflation premium is
undertaken and which is absolutely necessary. I elaborate on this issue in the
following section.
2.4.2 The Unobserved Component Model
The information in the inflation-indexed bonds is often the best proxy that cap-
tures future inflation expectations (Scholtes 2005). The inflation premium is de-
rived as the yield difference between inflation-indexed bonds and the conventional
treasury bonds. However, presence of liquidity premium on conventional treasury
bonds and the differences in the risk profiles of these two securities opens the
possibility of an unknown measurement error. Specifically, the inflation premium
equals inflation expectations plus inflation risk premium on the conventional trea-
sury bonds minus liquidity premium on the inflation-indexed bonds (Gu¨rkaynak
et al. 2010; Pflueger and Viceira 2011; Shen and Corning 2002). My model ac-
knowledges that the inflation premium measures the true underlying expectations
of inflation only with an error. Further, neither the inflation expectation nor the
measurement errors are directly observable. Hence, rather than using the observed
proxies of inflation expectations like survey based measures, I treat inflation ex-
pectations and measurement error as unobserved state variables in the state-space
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representation. Particularly,
piBt = pi
e
t + Vt (2.3)
where, piBt is the inflation premium obtained from the inflation-indexed bond
yields. This is decomposed into inflation expectations piet and the measurement
error Vt, both components being unobserved. The state-space approach allows us
to extract these two components from the observed inflation premium rate.
The next step is to specify the laws of motion for these two latent state vari-
ables. Gaining insights from Lee and Nelson (2007), I assume inflation expecta-
tions to be considerably persistent and thus specify inflation expectations to follow
a random walk process. To model measurement error, I follow Morley et al. (2003)
and specify it as an AR(2) process. It is necessary to specify sufficient dynamics
in the measurement error in order to achieve meaningful decomposition of the
inflation premium. The other advantage of allowing measurement error to follow
an AR(2) is that it allows us to estimate correlation between shocks to inflation
expectations and the measurement error.
piet = pi
e
t−1 + pie,t pie,t ∼ i.i.d.N(0, σ2pie) (2.4)
Vt = φ1Vt−1 + φ2Vt−2 + v,t v,t ∼ i.i.d.N(0, σ2v) (2.5)
The main NKPC equation (2.2) together with the inflation premium equation
(2.3) constitutes the measurement equation of the state-space representation. The
transition equation takes the form specified in equations (2.4) and (2.5). The state-
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space representation of the model is given by:
Measurement Equation
 pit
piBt
 =
 α
0
+
 γb δ
0 0

 pit−1
gt
+
 γf 1 0 0
1 0 1 0


piet
pi,t
Vt
Vt−1

yt = µ+ Azt +Hβt
Transition Equation

piet
pi,t
Vt
Vt−1

=

1 0 0 0
0 0 0 0
0 0 φ1 φ2
0 0 1 0


piet−1
pi,t−1
Vt−1
Vt−2

+

pie,t
pi,t
v,t
0

βt = Fβt−1 + Ut, Ut ∼ i.i.d.N(0, Q)
Allowing for the correlation between inflation expectations and the measurement
error, we have
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
pie,t
pi,t
v,t
0

∼ i.i.d.N


0
0
0
0

,

σ2pie 0 ρpievσpieσv 0
0 σ2pi 0 0
ρpievσpieσv 0 σ
2
v 0
0 0 0 0


The above state-space specification involves three shocks in the system, namely
the shocks to inflation (pi,t), the shocks to inflation expectations (pie,t) and the
shocks to the measurement error (v,t). These three shocks have among themselves
three covariance terms in the variance-covariance matrix (Q). I assume the two
unobserved components to be non-orthogonal, and thus allow for the correlation
between inflation expectations and measurement error (i.e. ρpie,v 6= 0). The ac-
tual inflation rate is assumed to be orthogonal to the other two shocks in the
system.8 These restrictions are adequate to identify the parameters of the model.
The parameters of interests are mainly δ since it captures the relative trade off
between inflation and the real economy, and γf (consequently γb) as it measures
the forward-looking (and backward-looking) component of NKPC model. All the
parameters are estimated using the maximum likelihood method and then the
unobserved components are estimated using Kalman filter technique.
Using the unobserved component model within the state-space framework to
estimate NKPC provides with some attractive features. First, it allows us to ex-
tract the two unobserved component using the Kalman filter technique. Second, it
8Relaxing these restrictions and testing for alternative specifications is included as a part of
the robustness check in the paper.
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jointly estimates the NKPC equation along with the unobserved inflation expecta-
tions and measurement error. This strategy is expected to provide more accurate
and reliable parameter estimates because it exploits the dependence structure be-
tween different components of the model.
2.5 Estimation Results
Table 2.2 presents the results from the unobserved component model represented
by equation (2.2)-(2.5). Based on theoretical foundations (Gali and Gertler 1999)
and common practice in empirical studies, I first assume that there is no long
run trade off between inflation and aggregate demand side pressures. The im-
plication is that the joint effect of lagged inflation and the future inflation on
current inflation is equal to unity. Hence the estimation is undertaken by restrict-
ing γb + γf = 1. The results from OLS estimation suggest that this assumption
is not very restrictive.9 However, I also estimate the benchmark model without
imposing this restriction.
The results in Table 2.2 show estimates from both the restricted (column 2-3)
and the unrestricted (column 4-5) model. Evidence suggests existence of weak
but statistically significant relationship between inflation and the stance of real
economy. As theory suggests the coefficient of output gap (δ) is positive and
statistically significant. The estimated slope of Phillips curve is relatively flat at
9The sum of the two components are driven by deep parameters which takes the form of
the discount factor (See Gali and Gertler (1999)). Consequently, it is common in literature to
restrict the value of to 0.99 (Neiss and Nelson 2005; Nelson and Nikolov 2004; Sbordone 2003;
Smets and Wouters 2003).
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0.15 for the restricted model and 0.19 for the unrestricted model. Thus, a 100
basis point increase in the actual output relative to the trend output leads to
about 0.15-0.19 basis point acceleration in the current inflation rate.
A flat slope of Phillips curve is well known in studies that incorporate the
forward-looking inflation component. Gulya`s and Startz (2006) use the inflation
premium as a measure of expected inflation and find similar results.10 In contrast,
Balakrishnan and Lopez-Salido (2002) and Kara and Nelson (2003) find that the
relationship between marginal cost and inflation disappears in the mid-1980s in
case of the U.K.11
Evidence in Table 2.2 further reveals statistically significant role of future in-
flation in explaining the U.K. inflation dynamics. The coefficient on the forward-
looking component of NKPC (γf ) is 0.34 and statistically significant. Conse-
quently under one interpretation, about 34 percent and 66 percent of economic
agents have a forward-looking and backward-looking pricing setting behavior re-
spectively. I also find that shocks to inflation expectations as measured by the
standard deviation (σpie) is 0.66 and statistically significant. Thus, these shocks
play an important role the evolution of actual inflation process.
Most of the studies that use GMM find a much bigger role of forward-looking
component. However, GMM estimation is most likely to be biased in favor of
10This paper uses two stage least square with instruments like the spot and forward inflation
premium rates to address the measurement error present in the inflation premium.
11In the context of the U.S. Basistha and Nelson (2007) estimate NKPC and model the output
gap as unobserved. They also find the significant role of forward-looking component but flat
Phillips curve in the range of 0.18-0.27. Lee and Nelson (2007) also find dominance of forward-
looking component but find CBO measure of output gap to be a small driving factor in inflation
dynamics of the U.S.
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apparently dominant forward-looking behavior, irrespective of the true nature
of the forward and backward-looking dynamics of inflation (B˚ardsen et al. 2004;
Jondeau and Bihan 2005; Mavroeidis 2005; Nason and Smith 2008). Also, Jondeau
and Bihan (2005) find the empirical choice of the forcing variable has negligible
impact on the estimated degree of forward-lookingness.
Since the underlying issue in the estimation process involves measuring the
expected inflation in the NKPC equation it becomes important to analyze the
behavior of the two unobserved components of my model. Results in Table 2.2
show that significant and strong negative correlation exists between the inflation
expectations and the measurement error. This correlation coefficient (ρpiev) is es-
timated at -0.84 in the restricted model. Thus, any shock to the expectations of
future inflation will immediately shift the path of inflation expectations, leaving
the the prices of inflation linked bonds and consequently on the inflation premium
temporarily away from the true inflation expectations. This implies a contem-
poraneous negative correlation between the measurement error and the inflation
expectations.
Both the AR coefficients that describe the transition process of the measure-
ment error is statistically significant. This evidence provides support in favor
of the AR(2) specification for measurement error. However, I acknowledge that
this is not the standard procedure since the model is not identified if the null
hypothesis of φ2 = 0 is true. The sum of these AR estimates (φ1, φ2) is 0.94 re-
flecting a highly persistent measurement error in the inflation premium rates as a
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measure of the true underlying expected inflation. Also, the standard deviation
of the measurement error (σv) is statistically significant at 0.43 suggesting that
shocks to measurement errors are important in explaining the observed inflation
premium. In accordance with the existing literature findings (Barra and Campbell
1997; Gu¨rkaynak et al. 2010; Joyce et al. 2010; Pflueger and Viceira 2011; Shen
and Corning 2002), this indicates a persistent and possibly volatile presence of
the liquidity premium and other risk factors that contribute to the measurement
error.
The next question is how well does inflation expectations extracted from my
approach capture the evolution process of the actual inflation in the U.K.? The
preliminary evidence to this question can be found in Figure 2.1. This figure
plots the actual inflation rate, the inflation premium and the extracted inflation
expectations of the unobserved component model. A visual inspection clearly
reveals that inflation expectations from my model tracks actual inflation strikingly
better than inflation expectations as measured by the inflation premium rates.
For most part of the sample period before recent financial turmoil the inflation
premium over predicts the actual inflation. Scholtes (2005) find that both the
(quarterly) Basix survey and the inflation premium generally overpredicted the
two-year-ahead inflation after 1991. Though the inflation premium rate tracks two-
year-ahead RPI inflation better than survey forecasts. Thus, inflation expectations
estimated from the UC model seems to ranked better then both survey based
measure and the inflation premium.
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To further support this finding, I also run a simple OLS of actual inflation rate
on these two alternative proxies. If my model is better able to capture the true
inflation dynamics as compared to the inflation premium then at the minimum
it should be able to offer higher explanatory power. The results of this test are
presented in Table 2.6. As expected from the graphs, inflation expectations from
the unobserved model (column 2-3) offer higher explanatory power as compared
to the inflation premium (column 4-5). The R-square in case of extracted inflation
expectations is 0.96 as compared to 0.91 in case of 4-year spot inflation premium.
Further, the coefficient on expected inflation is higher in column 2 (0.56) as com-
pared to column 4 (0.14). This implies significantly greater impact of inflation
expectations from the UC model on actual inflation as compared to the expected
inflation from the inflation-indexed bonds market.
These results should not be interpreted as case of lack of information in the
inflation-indexed bond markets. In fact it means just the opposite. The inflation-
indexed bond markets contain significant information of future inflation rate but
only after appropriate accounting of the (unobserved) measurement errors.
2.6 Robustness Check
To check for robustness of my results, I undertake two exercises. First exercise
involves considering alternative proxies in the form of different maturities for both
the spot and forward inflation premium rates. In the second robustness test,
I relax the zero restrictions imposed on the correlation of other components of
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the state-space system presented in equations (2.2)-(2.5). For the rest of the
analysis, I assume the sum of the coefficient of backward-looking and forward-
looking component equal to theoretically recommended and empirically supported
value of one.
The results presented in Table 2.3 show the estimation from using 4-year for-
ward (column 2-3), 10-year spot (column 4-5) and 10-year forward (column 6-7)
inflation premium rates as alternative proxy of inflation expectation in NKPC
equation. Clearly, the key coefficients of the NKPC equation is largely unaffected.
The coefficient of expected inflation (γf = 1− γb) is 0.49 for 4-year forward, 0.46
for 10-year spot and 0.26 rates for 10-year forward inflation premium rates. Thus,
using these alternative proxies, I find an even greater role of the forward-looking
component in explaining the inflation dynamics in the U.K.. The slope of Phillips
curve is statistically significant and still relatively flat about 0.14 to 0.18. The
correlation between the two unobserved components and the standard deviations
of all the shocks in the system are significant and close to the benchmark case.
Next, I consider all the possible correlation structures between various shocks
of the state-space represented in equations (2.2)-(2.5). Specifically, I allow for
correlation between actual inflation and inflation expectations (ρpipie 6= 0) and then
between actual inflation and the measurement error (ρpiv 6= 0). Further, since there
are three shocks in the system, I also relax the zero restriction condition for the
two correlations one at a time. This leads to three possible correlation combination
between actual inflation shocks, inflation expectations shocks, and measurement
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error shocks.
Table 2.4 reveals the results of relaxing the zero covariance between the three
shocks in the system one at a time. Columns 4-5 show that the slope coefficient
of the Phillips curve is statistically significant at 0.15 when the correlation be-
tween the actual inflation and unobserved expectation of inflation is allowed to
be non-zero. The statistical significance also holds in case of a non-zero covari-
ance between actual inflation and measurement error (Columns 2-3), though with
a much flatter slope coefficient. The coefficient of forward-looking component is
smaller in magnitude (γf is around 0.06 to 0.20) its effect is still not negligible and
has statistically significant impact on inflation dynamics. When I restrict only one
covariance to be equal to zero the results presented in the Table 2.5 show that the
coefficient of future inflation rates (γf ) is around 0.3 and the slope of the Phillips
curve (δ) is between 0.11-0.16. The statistically significant negative relationship
between unobserved inflation expectations and measurement error as well as the
importance of the standard deviations of the shocks is not affected qualitatively
as well.
Further, Figure 2.2 as well as Figures 2.3 and 2.4 plot the comparison between
the actual inflation, the inflation premium and the expected inflation extracted
from the different specification discussed above. All the plots of inflation ex-
pectations estimated using unobserved component model fit the actual inflation
considerably better or at least as well as the inflation premium rates as a measure
of future inflation.
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Overall, whether I consider alternative maturity spectrum of inflation indexed
bonds or spot and forward inflation premium rates or alternative covariance struc-
tures in the unobserved component model, the main results are unaffected qual-
itatively and to most extent even quantitatively. These findings reinforce results
found earlier in the benchmark case of using the 4-year spot inflation premium as
a measure of expected inflation in NKPC estimation.
2.7 Conclusions
The expectations of the future inflation pose a significant challenge in estimat-
ing the forward-looking component of the NKPC model since the expectations
are not directly measurable. I address this issue by using the information in the
inflation-index bond markets. However, due to liquidity and other risk factors,
the inflation premium rates derived from these markets are not exactly equal to
the future expected inflation. To account for this, I allow for the possible mea-
surement error in my model. Using an unobserved component approach, I extract
inflation expectations from the inflation premium and jointly estimate a hybrid
NKPC for the U.K. The results show that the estimated inflation expectations
from unobserved component model play a significant role in explaining the ac-
tual inflation dynamics in the U.K. Evidence also suggest in favor of the possible
trade-off between inflation and the real economy. The main results hold regard-
less of the maturity of inflation premium rate (both spot and forward) or different
correlation structures of the state-space model.
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Table 2.1: OLS Estimate of NKPC for the U.K.
4-Year Spot 4-Year Forward 10-Year Spot 10-Year Forward
Parameter Estimate SE Estimate SE Estimate SE Estimate SE
α 0.044 0.109 0.026 0.138 -0.050 0.134 -0.085 0.147
γb 0.880 0.041 0.907 0.043 0.879 0.043 0.907 0.032
δ 0.124 0.052 0.139 0.047 0.130 0.048 0.153 0.043
γf 0.086 0.041 0.065 0.054 0.111 0.056 0.099 0.050
R-Sq 0.937 0.936 0.938 0.936
Obs 87 87 87 87
The Table shows the OLS estimation of the following hybrid version of NKPC equation: pit =
α+ γbpit−1 + δgt + γfpiet + pi,t. The pi
e
t is based on 4-year and 10-year spot and forward inflation
premium rates. gt represents output gap based on the Hodrick Prescott (HP) filter. The standard
errors (SE) are Newey-West HAC Standard Errors and Covariance adjusted.
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Table 2.2: NKPC Parameter Estimates of Benchmark Unobserved Component
Model
Parameter Estimate SE Estimate SE
The Phillips Curve Coefficients and AR Coefficients of Measurement Error
α 0.035 0.187 -0.328 0.191
γb 0.686 0.099 0.814 0.081
δ 0.145 0.069 0.186 0.064
γf - - 0.283 0.090
φ1 1.457 0.123 1.530 0.088
φ2 -0.516 0.123 -0.607 0.082
The Standard Deviations and Correlation of the Shocks
σpie 0.661 0.112 0.665 0.127
σv 0.439 0.122 0.428 0.134
σpi 0.325 0.045 0.352 0.036
ρpiev -0.861 0.085 -0.932 0.073
Log Likelihood Value
-15.0107 -13.841
The Table reports the estimates from the unobserved component model for the NKPC equation
based 4-year spot inflation premium rates. The parameter estimates and standard errors (SE) in
columns 2 and 3 are from the restricted model (γb+γf = 1) and the estimates in columns 4 and 5
are from unrestricted model (γb+γf 6= 1). Both the estimations allow for the correlation between
the two unobserved components of the model namely, inflation expectations and measurement
error (ρpiev 6= 0).
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Table 2.3: NKPC: Alternative Measures of Inflation Premium Based on Maturity
4-Year Forward 10-Year Spot 10-Year Forward
Parameter Estimate SE Estimate SE Estimate SE
The Phillips Curve Coefficients and AR Coefficients of Measurement Error
α 0.060 0.468 0.306 0.687 -0.153 0.100
γb 0.511 0.162 0.557 0.120 0.775 0.083
δ 0.184 0.076 0.154 0.070 0.141 0.039
φ1 1.284 0.130 1.360 0.131 1.722 0.050
φ2 -0.330 0.133 -0.386 0.132 -0.741 0.043
The Standard Deviations and Correlation of the Shocks
σpie 0.633 0.109 0.585 0.106 0.385 0.039
σv 0.579 0.124 0.454 0.140 0.083 0.029
σpi 0.244 0.087 0.280 0.060 0.385 0.035
ρpiev -0.856 0.059 -0.903 0.044 -0.737 0.156
Log Likelihood Value
-3.662 11.897 5.450
The Table shows the NKPC estimates from the unobserved component model based alternative
measures of the inflation premium which includes 4-year froward (columns 2-3), 10-year spot
(columns 4-5) and forward rate (columns 6-7). All the three estimations allow for correlation
between the unobserved inflation expectations and measurement error.
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Table 2.4: NKPC: Alternative Covariance Structures I
Parameter Estimate SE Estimate SE
The Phillips Curve Coefficients and AR Coefficients of Measurement Error
α -0.018 0.194 0.002 0.045
γb 0.796 0.074 0.942 0.038
δ 0.088 0.042 0.146 0.036
φ1 1.507 0.297 0.901 0.134
φ2 -0.521 0.292 -0.203 0.060
The Standard Deviations and Correlation of the Shocks
σpie 0.429 0.042 0.225 0.036
σv 0.118 0.075 0.344 0.031
σpi 0.387 0.033 0.427 0.035
ρpiev
ρpiepi 0.621 0.159
ρpiv -0.436 0.533
Log Likelihood Value
-17.201 -12.851
The Table reports NKPC estimates by placing the zero restrictions on two out of the three
shocks of the unobserved component model. In all the estimation 4-year spot inflation premium
is used as a proxy of inflation expectations. Columns 2 and 3 is estimated assuming non-zero
correlation between actual inflation and the unobserved inflation expectations (i.e. ρpiev = 0
and ρpiepi = 0). The last two columns is estimated assuming that there is a non-zero correlation
between actual inflation and the unobserved measurement error (i.e. ρpiev = 0 and ρpiv = 0).
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Table 2.5: NKPC: Alternative Covariance Structures II
Parameter Estimate SE Estimate SE Estimate SE
The Phillips Curve Coefficients and AR Coefficients of Measurement Error
α 0.035 0.177 0.018 0.143 -0.061 0.052
γb 0.694 0.098 0.735 0.133 0.933 0.040
γ 0.155 0.073 0.164 0.070 0.112 0.037
ρ1 1.464 0.116 1.464 0.106 0.116 0.315
ρ2 -0.523 0.115 -0.526 0.107 -0.003 0.025
The Standard Deviations and Correlation of the Shocks
σpie 0.678 0.128 0.694 0.145 0.422 0.041
σv 0.455 0.136 0.474 0.157 0.125 0.068
σpi 0.325 0.043 0.335 0.049 0.428 0.034
ρpiev -0.878 0.092 -0.893 0.091
ρpipie 0.061 0.108 -0.085 0.191
ρpiv 0.043 0.142 1.000 0.003
Log Likelihood Value
-14.968 -14.880 -16.9182
The Table reports NKPC estimates by placing the zero restrictions on only one of the three
shocks of the unobserved component model. In all the estimation 4-year spot inflation premium
is used as a proxy of inflation expectations. The shocks to actual inflation (pi,t) and unobserved
inflation expectations (pie,t) are assumed to orthogonal in Columns 2 and 3 (i.e. ρpiepi = 0).
The shocks to actual inflation (pi,t) and unobserved measurement error (v,t) are assumed to
orthogonal in Columns 4-5 (i.e. ρpiv = 0). The shocks to the unobserved inflation expectations
(pie,t) and measurement error (v,t) is orthogonal in the last two columns (i.e. ρpiev = 0).
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Table 2.6: Explaining the Actual Inflation Using the Two Alternative Proxies of
Inflation Expectations
Parameter Estimate SE Estimate SE
Constant 0.015 0.084 0.042 0.133
Lagged Inflation 0.475 0.052 0.860 0.043
UC Expected Inflation 0.535 0.054
Inflation Premium 0.098 0.046
R-Sq 0.97 0.91
Obs 79 79
The Table shows the relative superiority of the inflation expectation from the estimated unob-
served component model and inflation expectations as measured by the inflation premium from
the inflation-indexed bond market. Particularly, in the regression estimation actual inflation is
the dependent variable and the list of regressors include a constant, lagged inflation and expected
inflation which comes from unobserved component (columns 2-3) and 4-year spot inflation pre-
mium rate (columns 4-5). The standard errors (SE) are Newey-West HAC Standard Errors and
Covariance adjusted.
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Figure 2.1: Comparison of Actual Inflation, 4-Year Spot Inflation Premium Rate
and Expected Inflation from Benchmark Unobserved Component Model
(a) Inflation Premium Based on 4-Year Spot Rate
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Figure 2.2: Comparison of Actual Inflation, Inflation Premium across Different
Maturities and Expected Inflation from Unobserved Component Model
(a) Inflation Premium Based on 4-Year Forward Rate
(b) Inflation Premium Based on 10-Year Spot Rate
(c) Inflation Premium Based on 10-Year Forward Rate
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Figure 2.3: Alternative Covariance Structures I: Comparison of Actual Inflation, 4-
Year Spot Inflation Premium and Expected Inflation from Unobserved Component
Model
(a) Correlation Between Actual Inflation and Inflation Ex-
pectations.
(b) Correlation Between Actual Inflation Expectations
and Measurement.
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Figure 2.4: Alternative Covariance Structures II: Comparison of Actual Inflation,
4-Year Spot Inflation Premium and Expected Inflation from Unobserved Compo-
nent Model
(a) Correlation Between Inflation Expecta-
tions and Measurement Error and Also Be-
tween Inflation Expectations and Actual In-
flation.
(b) Correlation Between Inflation Expecta-
tions and Measurement Error and Also Be-
tween Actual Inflation and Measurement Er-
ror.
(c) Correlation Between Actual Inflation and
Inflation Expectations and Also Between Ac-
tual Inflation and Measurement Error.
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CHAPTER 3
The Time-Varying Response of Foreign
Stock Markets to U.S. Monetary Policy
Surprises: Evidence from the Federal
Funds Futures Market
3.1 Introduction
The impact of U.S. monetary policy shocks on asset prices, especially equity prices,
has been one of the topics of great interest to policymakers and market partici-
pants. It enables policymakers to assess the wealth channel in the monetary policy
transmission process, and it affects the portfolio valuations of the market partici-
pants. Different methods have been proposed to estimate monetary policy shocks
in the literature. Among these methodologies, monetary policy shocks based on
the Federal funds futures rate have received widespread attention recently.1 Us-
ing this approach, Bernanke and Kuttner (2005) provide evidence that a typical
unanticipated Fed rate cut of 25 basis points leads to roughly 1 percent increase
in the S&P 500 index returns. According to them, such a policy action elicits
a positive response because it favorably impacts the future dividend streams, re-
1See Bernanke and Kuttner (2005); Kuttner (2001) among others.
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duces the discount rate and increases the equity market premium. This line of
study has been extended to foreign stock markets, as globalization and technolog-
ical revolution have made the global markets much more tightly interlinked with
each other. In the international context, Ehrmann and Fratzscher (2009); Haus-
man and Wongswan (2011) find that foreign equity returns respond positively to
an unanticipated interest rate cut by the Fed. They attribute the cross country
variation in responses to the level of financial market integration and the degree
of exchange rate flexibility of the country.2
Most of the existing studies on the high frequency response of stock returns to
monetary policy shocks however, use a fixed-coefficient approach. The underlying
assumption is that the response of stock returns to monetary policy shocks remain
unchanged over time. This is in contrast to the anecdotal and formal evidence
that suggest that the response of stock returns varies over time. For example,
Andersen et al. (2007) find that the equity market’s response to macroeconomic
news depends on the stage of the business cycle. Similarly, equity risk premia,
which explain the response of the stock returns to monetary policy surprises ac-
cording to Bernanke and Kuttner (2005) are found in the literature to vary over
time. Campbell et al. (1997) also find that equity market premia vary over time
and this variation is quite large relative to the variation in expected real interest
rate. Similarly, Bekaert and Harvey (1995) have found that a number of emerging
markets exhibit time-varying global market integration. All these factors sug-
2Ehrmann and Fratzscher (2009); Wongswan (2009) reach similar conclusions.
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gest that modeling the stock market reaction to monetary policy surprise using a
fixed-coefficient approach is not appropriate.
The study contributes to the existing literature by taking into account the
possible time-variation in the foreign equity market’s responses to U.S. monetary
policy shocks. This paper is an attempt to examine the empirical regularity in how
the foreign stock markets respond over time to U.S. monetary policy surprises that
have been derived from the high frequency federal funds futures market. The paper
do not test for the explicit linkage between country characteristics and its response
over time to U.S. monetary policy surprise. While this may be an important issue
to explore, this is beyond the scope of this paper. Following the pioneering work
of Cooley and Prescott (1976), the time-variation is modeled as a driftless random
walk, and is estimated using the maximum likelihood via the Kalman filter. The
argument is that this is an appealing and flexible way of uncovering changes in
the responsiveness of stock returns to monetary policy shocks. The framework
adopted also allows for heteroscedasticity present in the error term that is typical
in a high frequency stock returns data. To do so, we follow Harvey et al. (1992)
and allow conditional heteroskedasticity in the error term.
The results show significant time-variation in the stock market response to
U.S. monetary policy surprises for all 35 countries under this study. The study
finds substantial comovement in the response of the European equity markets to
U.S. monetary policy surprises for the whole sample period. This is not surprising
since there is a high degree of financial integration among the European coun-
43
tries. The response of the stock markets of emerging market economies and Latin
American economies to U.S. monetary policy shocks is found to be much more
divergent as compared to the European stock markets. The results also suggest
that the emerging markets’ stock markets are more sensitive to the Fed’s surprises,
especially during the recessions and the crisis periods.
Evidence also suggest a noticeable common feature in the stock markets’ reac-
tion to monetary policy surprise. During abnormal periods that include recessions
and different crisis episodes3, U.S. monetary policy surprise has a much larger
impact on the equity markets of almost all the 35 countries in the sample. For
example, a hypothetical 25 basis points unexpected rate cut by the Fed during
a crisis period could elicit a positive response in the stock returns up to as high
as 2.5 percent in case of the U.S., Canada and European countries, 7.5 percent
in case of Korea, and 5 percent in case of Hong Kong, Singapore and the Latin
American economies. This is not a surprising result since the stock market’s re-
sponse to macroeconomic news have been found to depend upon different states
of the business cycles according to Andersen et al. (2007). One of the interesting
findings of the study relates to the response of the stock markets to monetary
policy surprise during the 2008 financial crisis. The results suggest that the sur-
prise cut in the interest rate by the Fed during the 2008 crisis was followed by a
decline of the stock markets in the U.S. and Europe. One possible explanation of
this puzzling behavior of the stock market is that the market viewed the succes-
3In the sample, there are three abnormal events: the LTCM crisis in 1997, 2001 recession
and the financial crisis of 2008.
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sive and aggressive rate cuts by the Fed as a sign of an increasingly deteriorating
economic conditions.
The remainder of the paper is organized as follows. Section 2 provides brief
literature review; Section 3 describes the data and methodology adopted in the
study. The baselines estimates are presented in Section 4. Section 5 reports the
results of the TVP-GARCH model. Section 6 presents robustness results and
section 7 concludes.
3.2 Brief Literature Review
Addressing the endogeneity problem and choosing an appropriate proxy for the
identification of monetary policy shocks have been the two main challenging tasks
in the study of the impact of monetary policy shocks on stock returns. In order to
control for the influence of other variables that affect the stock markets, researchers
have often used the event study methodology in the analysis of the impact of
monetary policy (Bernanke and Kuttner 2005; Bomfim 2003; Cook and Hahn
1989; Gu¨rkaynak et al. 2005). Under this methodology, by looking at a narrow
window around the event in question and combining it with high frequency data,
one can greatly reduce the problem of endogeneity, if not completely eliminate it.
The identification of monetary policy shocks has generated widespread interest
in macroeconomics. In order to measure the policy shock one needs to capture the
market expectation. Several methods have been utilized by researchers to mea-
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sure unexpected changes in monetary policy.4 One relatively recent and popular
method of estimating monetary policy shocks uses information from the Federal
funds futures market. This has been used by Krueger and Kuttner (1996) among
others, who find that the Fed funds futures rate is an unbiased predictor of the
Fed funds rate and is an ‘efficient’ measure of Fed funds rate. Gu¨rkaynak et al.
(2007) also show the superiority of the Fed funds futures price among different
market based measures of monetary policy expectations. Given the superiority of
the Fed funds futures data to measure policy expectations, Bernanke and Kuttner
(2005) find that a typical unanticipated 25 basis point rate cut has been associated
with a 1.3 percent increase in the S&P 500 index.5 They attribute such negative
equity returns response more to the change in expected future excess returns (the
equity premium) and less due to revision of the expectations of discounted future
dividends streams and the change in real interest rate.
This line of study has also been extended to foreign stock markets. In the
context of the U.K. equity markets, Bredin et al. (2007b) follow Bernanke and
Kuttner (2005) and use Sterling LIBOR futures contract as a proxy for the U.K.
monetary policy shocks. They find considerably smaller response of the FTSE
stock index to the U.K. monetary policy shocks than the one found in the U.S.
markets. Like the U.S., the equity premium is the key driving factor explaining
the U.K. stock returns, but only in case of traditional sectors, like auto parts,
4See Cochrane and Piazzesi (2002); Ellingsen and Soderstrom (2001); Faust et al. (2004);
Poole and Rasche (2000); Rigobon and Sack (2004) among others.
5Other studies that have looked further into the response of individual sector stock returns
and the impact on volatility include Bredin et al. (2007a) for the impact on REIT industry and
Chulia´ et al. (2007) that covers the S&P 500 index constituents.
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chemicals, oil and gas and steel but not at an aggregate level.
There are significant number of studies that focus on the impact of the U.S.
monetary policy shocks on global markets.6 For example, Wongswan (2009) has
found that a hypothetical 25 basis points Fed rate cut elicits a response of 0.5 to 2.5
percent increase in foreign equity price indexes, whereas Ehrmann and Fratzscher
(2009) found the impact to be around 0.67 percent. Hausman and Wongswan
(2011) found that similar cut leads to an increase of about 1 percent in foreign
stock markets. Among the various economies of the world, the equity markets
of Canada, Hong Kong, Korea, Singapore and Mexico are found to be the most
sensitive to the U.S. monetary policy rate surprise. Kim and Nguyen (2009) also
analyze the spillover effects of interest rate news from the Fed and the ECB on
the Asia-Pacific stock markets. They find the speed of adjustment for the Fed’s
news to be mixed across these markets but the ECB news was absorbed slowly in
general.
In terms of the factors leading to the response of foreign stock markets to
monetary policy shocks, Wongswan (2009) attributes the variation in the response
to be more a function of degree of financial integration with the U.S. than the
proxies for real integration or exchange rate flexibility. However, Ehrmann and
Fratzscher (2009) attribute the cross country variation in response to the degree of
global integration of the country - and not the country’s bilateral integration with
the U.S. Also, equity indexes in countries with a less flexible exchange rate regime
6Studies that focus on the impact of other macroeconomic news (other than monetary policy
news) on the stock markets include Flannery and Protopapadakis (2002).
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respond more to the U.S. monetary policy surprises (Hausman and Wongswan
2011).
While all these studies adopt the fixed-coefficient approach in assessing the
impact of the U.S. monetary policy on stock returns, in this study the responses
are allowed to vary across time. This is important since most of the factors that
explain such stock market response are found to vary with time. Thus, a TVP
model would allow us to uncover richer dynamics of the relationship between the
U.S. monetary policy and the foreign stock markets.
3.3 Data and Methodology
3.3.1 Data
The sample period for the study uses daily data from May 17, 1994 through June
25, 2008. The study examines all the Federal Open Market Committee (FOMC)
meetings for the whole sample period. The extension of the sample period to 2008
is also one of the contributions of the study. Since the FOMC meets eight times a
year (approximately every six weeks), the sample contains 114 scheduled meetings
decisions and nine inter-meeting decisions. The 50 bps rate cut announcement
made on September 17, 2001 meeting is excluded since it is an instance when
several central banks across the globe (including the Fed) and the financial markets
responded jointly to September 11, 2001 terrorist attack.
The high-frequency daily data used in the study includes the price of the
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Federal funds futures interest rates and the closing stock price index of leading
economies of the world. The first data set consists of the 30-day Federal funds
futures market contracts that most closely track the effective overnight Federal
funds rate for a specific month.7 The Chicago Board of Trade (CBOT) has been
offering Federal funds futures contracts since October 1988 for several different
deliveries going from the current month to five months ahead. Even while contracts
with longer deliveries exist, liquidity in those contracts is significantly lower. These
contracts not only allow the market participants to hedge interest rate risk, but
also serves the important role of revealing the expectations of the market about
the future monetary policy actions.
In the present study the most liquid spot months contract is used for the
purpose of extracting out the monetary policy surprises at each FOMC meeting.
Among the variety of market-based measures of monetary policy expectations the
Federal funds futures rate is found to dominate all other instruments in predicting
the future path of monetary policy at horizons out over several months (Gu¨rkaynak
et al. 2007).8
The second data set contains the daily data on the closing stock price index of
the U.S. and thirty-five other leading stock markets of the world, which includes
fifteen European economies, thirteen economies from the Asia-Pacific region, four
7Federal funds futures prices are expressed as 100 minus the expected average effective federal
funds rate for the delivery month. For example, if a January contract has a price of 92.75, it
reflects an anticipated average rate of 7.25 percent for that month.
8Alternative measures used includes term Eurodollar interest rate (Cochrane and Piazzesi
2002), the Eurodollar futures interest rate (Rigobon and Sack 2004), the three-month Sterling
LIBOR futures rate in case of the U.K. monetary policy surprise (Bredin et al. 2007b)
49
Latin American economies, two Middle Eastern economies and Canada, the details
of which are presented in Table 1.9 The daily stock returns are then calculated
from this data set.
Table 1 reports the descriptive statistics of each country’s stock market returns
that are realized on the FOMC meeting dates. The average stock return during
the FOMC meeting dates in most of the Asian countries is higher than the U.S.
and the European stock markets. Further, the U.S. monetary policy surprise
leads to a much greater degree of variation in the stock market movements in
the Asia-Pacific region as compared to the European economies and the U.S. The
standard deviation of stock returns in Asian economies is considerably higher than
most of the European countries. For example, the standard deviation of the stock
markets of Hong Kong, Korea, Indonesia and Philippines is nearly twice that of
the U.S. and the U.K. Overall, non-OECD economies’ stock markets exhibit higher
volatility on the FOMC announcement dates.
3.3.2 Methodology
This section briefly discusses the methodology to calculate monetary policy shocks
from the Federal funds futures market, and also outline the event study approach
that shows how to estimate the impact of monetary policy shocks on stock returns.
9Entire data for all the countries stock price index is obtained from publicly available source,
yahoo finance and the Federal funds futures contract rate has been provided by Kenneth N.
Kuttner.
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Measurement of Monetary Policy Surprise
As stated before, the Federal funds futures price is used as a natural market
based proxy for the otherwise unobserved market expectations. The main premise
of using the future price is that all the future expectations about interest rates
would be embedded in the futures price today and any change in the futures rate
post-FOMC meeting is because the announced rate change (or no change) was
unexpected before the FOMC meeting.10 The key advantage of such a measure
to gauge policy surprise is that it is free of model selection and the ‘generated
regressors’ problems. In order to compute the unexpected changes in monetary
policy, the methodology proposed by Kuttner (2001) is adopted, according to
which the one day surprise is computed as:
∆ruτ =
ms
ms − τ (f
0
s,τ − f 0s,τ−1) (3.1)
where, ∆ruτ is the monetary policy surprise, ms is the number of days in month
s, f 0s,τ is the current-month futures rate on day τ of the month s and f
0
s,τ−1 is the
current-month futures rate on day τ − 1.11 This holds true for all the days in the
10Though there is body of evidence in the finance literature (e.g. Campbell and Shiller 1991;
Cochrane and Piazzesi 2005; Fama and Bliss 1987 that shows evidence against expectations
hypothesis and thus the possible presence of ’risk premia’ (i.e. the predictable returns in excess
of the risk-free rate), Piazzesi and Swanson (2008) find no such evidence in case of current
months Fed futures price that is used in this study, though the risk premia exists at 3 months
to one year horizon.
11As suggested by Kuttner (2001), the adjustments as in (3.1) are necessary to address two
main challenges. First, since the Fed funds futures settlement price is based on the average of
the relevant month’s effective overnight Fed funds rate and not based on the rate on any specific
day of the month the time averaging must somehow be undone. The second complication arises,
especially in case of daily frequency, is that the futures rate is based on the effective Fed funds
rate and not on the target Fed funds rate.
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month except for the first and the last day. When the change comes on the first
day of the month, its expectations would have been reflected in the prior months
spot rate, so the one-month futures rate on the last day of the previous month,
f 1s−1,τ−1 is used instead of f
0
s,τ−1. Similarly, when the change comes on the last
day of the month, the difference in the one-month futures rate is used. This is
because when the target rate change comes on the last day of the month it would
have no impact on the spot month’s rate, as the market Fed funds rate does not
change until the day following the target change. Furthermore in order to avoid
amplifying the month-end noise, no adjustments in terms of scaling is made when
the announcement is made within the last three days of the month.
This method enables one to purge out the unexpected changes from the rate
change decisions. Only the unexpected changes is considered in this study, since
the expected changes have been found to have no statistical impact on the financial
markets.12 This is consistent under the efficient market hypothesis under which
the security price incorporates all information that is available at any point in
time. Hence, in order to evaluate the impact of the monetary policy only the
surprise changes in policy matters.
The issue of the timing of the FOMC announcements is particularly relevant in
the high frequency data analysis. Usually the FOMC announcements are made at
2:15 p.m. Eastern time and since the Fed funds futures market closes at 3:00 p.m.
Eastern time, the closing futures prices would have typically incorporated the news
12Bernanke and Kuttner (2005); Hausman and Wongswan (2011); Kuttner (2001).
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of the FOMC’s decision. In these instances the target rate changes are assigned to
the dates of the announcements. However, in instances where the announcement
came only after 3:00 p.m. Eastern time, the policy surprise is measured as the
difference between the closing futures rate on the announcement date and the
opening rate on the following date. This is consistent with Bernanke and Kuttner
(2005); Kuttner (2001)
Event Study Approach
Researchers have often adopted the event study methodology using high frequency
data in order to control for the endogeneity problem and also control for the
possible joint response of the policy and the stock markets to new information
(Bernanke and Kuttner 2005. Following the popular conventional Cook and Hahn
(1989) style analysis, the study analyzes the impact of the policy surprises on the
equity markets across the world. A brief outline of the event study performed in
the current study is presented below.
• Event definition: The event of interest in this paper is the FOMC meetings,
and the period over which the stock returns are examined is defined as an
event window. Following Bernanke and Kuttner (2005) and Hausman and
Wongswan (2011), one day is selected as the size of the event window.13
• Normal and abnormal returns : To examine the impact of the event, abnor-
13However qualitatively, just like Hausman and Wongswan (2011), the results too remain
robust when we re-estimate for the sample period covered in Wongswan (2009) study which uses
a much shorter window size than one day that is used in the present study.
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mal returns are measured as the actual ex post return (event returns) of the
stock market over the event window over and above the normal return i.e.
the returns that would have been expected if the event did not take place.
Adopting a variation of constant-mean-return model,14 the normal returns
are calculated based on the previous twenty one trading day’s average daily
return, which is roughly equivalent to one-month average before the event
(FOMC meeting). Appropriate adjustments are made to the normal returns
in case the meeting dates fall within the span of 21 trading days of each
other. This is especially true in case of the inter-meeting moves.
Calculating the stock market returns in this manner is novel as compared to
the previous studies.15 This approach of measuring abnormal returns allows us
to model the country’s own stock market dynamics in normal times. One can
argue that the methodology implicitly assumes that the FOMC announcements
are exogenous to the changes in stock markets. However, evidence in Bernanke
and Gertler (1999) suggests that the Fed’s reaction has generally failed to find a
direct response of monetary policy to stock market fluctuations. If this holds true
for US market then it is not difficult to accept the same for stock markets of other
countries. Thus, for example, if the average return of the U.K. equity markets in
June is 2 percent, and the June-end FOMC announcement of an unexpected rate
14Under the constant mean model, the normal return is simply a fixed average number.
However, it would be unreasonable to assume that the average returns for 14 years for any
country is fixed. Hence, the average return is allowed to vary with time. Further even while the
period of one month may seem arbitrary, it is reasonably long and has been chosen keeping the
frequency of the FOMC meetings in mind.
15For the sake of simplicity the term stock returns in rest of the paper would mean these
abnormal returns.
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cut leads to an increase in the stock returns by 3 percent, then it is reasonable to
conclude that the impact attributable just to this rate cut decision is 1 percent.
The underlying assumption is that 2 percent returns in the U.K.’s stock market
would have taken place even in the absence of this event.
Due to the difference in the time zones for various countries, getting the dates
right for the event impact is also very important. The study follows Hausman
and Wongswan (2011) in order to pin down the relevant closing stock index price
for the country. In case of European countries, Asia Pacific countries and Middle
Eastern countries the stock returns of the following day of the FOMC announce-
ment is taken. Since these markets are closed at the time of scheduled FOMC
announcements, the impact of FOMC announcements on these markets occurs
only on the following day.16 For Latin American equity markets, the event impact
is calculated as the two average returns over the FOMC meeting date and the
following date. This ensures evenness of comparison and also because these mar-
kets are relatively slower to incorporate the arrival of new information. However,
the relevant closing stock index price in case of the U.S. and Canada is the same
day as the FOMC announcement since these markets are not only relatively more
advanced but also fall in nearly the same time zone.
16In case of FOMC announcement that occur before 1 p.m. eastern time, we take the same
day returns for the European countries as these equity markets are still open at the time of
FOMC announcement.
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3.4 The Response of Foreign Stock Markets to U.S. Mon-
etary Policy Surprise
3.4.1 Baseline Estimates
In this section, the estimated response of foreign stock markets to U.S. monetary
policy shocks is discussed. To do so, monetary policy surprise is estimated using
Kuttner’s (2001) approach, as outlined in the previous section. Figure 1 shows the
unexpected changes in monetary policy actions computed from the spot month
Federal funds futures rate. The estimates of surprise measure in this paper matches
closely with Kuttner (2001) study that uses data up to 2000.17 Using the same
methodology, the analysis is extended to include seven extra years of data. The
sample period in this study ends on June 25, 2008.
After extracting the surprise element from the policy action the next step is
to estimate the impact of the U.S. monetary policy surprise on the abnormal
returns of country’s stock price index. Following Bernanke and Kuttner (2005),
and use the regression specification in equation 3.2 to estimate the impact of U.S.
monetary policy surprise on the foreign stock returns.
Rit = α
i + βi∆rut + e
i
t (3.2)
where, Rit represents the abnormal return of country i at the event date t as defined
earlier and ∆ruτ is monetary policy surprise. The coefficient β
i shows how much
17Any deviation may possibly be due to the rounding off errors.
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the abnormal return of a country i’s stock market responds to 100 basis point
unanticipated interest rate increase in the U.S. Given the exceptional nature of
recent financial crisis, the above regression is estimated for both the full sample
period from 1994-2008 and also for the 1994 - 2006 sample period. Excluding
the period of recent financial crisis is especially important since the impact of
conventional monetary policy measures is severely limited when the short-term
interest rate hits the zero lower bound.
The estimated results are shown in Table 3.2. Based on the results from the full
sample, except for the European equity markets, an unexpected rate cut by the
Fed boosts the stock market indexes across the global economy. A hypothetical
surprise rate cut (negative surprise) of 25 basis points by the Fed triggers a jump in
Hang Seng by 2.5 percent, Jakarta Composite index by 1.7 percent, Bombay Stock
Exchange index by 1.5 percent, Toronto stock exchange index by 1.5 percent and
both Argentinian and Mexican stock market index by 1.3 percent. Interestingly,
these are even higher than the 1 percent response of the S&P composite index
itself. Furthermore, if the recent crisis period is excluded, then the results become
even stronger and shows the strong impact of the U.S. monetary policy shocks
during the normal times. The full sample estimates are qualitatively similar to
what other researchers have found in the literature. The estimates are slightly
different in magnitude because of the longer sample size and also the dependent
variable is abnormal returns in this study, as compared to normal returns in the
existing literature.
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The results presented above assume that the response of the global stock re-
turns to the U.S. monetary policy shock has remained constant over time, but
there is a strong anecdotal and formal evidence which suggest that the response
of stock returns vary over time. To capture these time-varying effects, an ad-hoc
approach is adopted first by performing the split-sample estimation. This helps us
in finding out whether preliminary evidence exists for time-variation in response of
stock returns to monetary policy shocks. The whole sample is divided into three
sub-samples: 1994-2001, 2001-2006, and 2006-2008. These results are further sup-
ported by Quandt-Andrews breakpoint test for one or more unknown structural
breakpoints in the whole sample.18
The results shown in Table 3.3 suggest that the estimates of response coeffi-
cients are highly sensitive to the sample period chosen. Even though the sample-
period split is arbitrary, it clearly shows that the estimates are highly sensitive
to the choice of the sample period.19 Even the results from Quandt-Andrews
parameter stability test presented in Table 3.3 are largely consistent with these
split sample results. The test reveals strong evidence for parametric instability
since the null of no structural change is rejected for most of the countries in the
study. During the 1994-2001 period, according to the estimates the stock markets
across the world were much more sensitive to U.S. monetary policy shocks with
an important exception of Latin American stock markets. The impact of U.S.
18A standard trimming level of 15% is used in the test for almost all the countries.
19Even when we look at just the event returns, as most of the earlier studies, there is still
an evidence of sample selectivity issue. This is not presented in the study to maintain brevity.
Furthermore, we do not suggest that these are the precise dates that are associated with the
changes in the response of the foreign equity returns to the U.S. monetary policy shocks.
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monetary policy shocks was significant for all the Latin American stock markets
during 2001-2006 period. In case of the U.S. and Canada the R-squared rises from
0.20 and 0.41 to 0.48 and 0.46 from 1994-2001 to 2001-2006 period respectively.
This is not case with European and Asia-Pacific stock markets. Interestingly the
2006-2008 sub-sample which nearly overlaps with the recent global financial crisis
the Fed’s policy surprise led to an unusually positive response of the stock markets
Europe but usual negative response of the stock markets in rest of the world.20
The preliminary evidence presented above suggests that there is significant
time-variation in the response of global stock market returns to monetary policy
shocks. Therefore, it is more appropriate to adopt a model that is able to capture
the dynamic response of the stock market returns over time.
3.5 The Time-Variation in the Response of Global Stock
Markets
3.5.1 Model Specification
Since the fixed-coefficient estimates fail to capture the dynamics of the equity mar-
ket reaction to the U.S. monetary policy shocks, the study adopts a time-varying
parameter (TVP) framework to model the changes in response of stock returns to
U.S. monetary policy surprises. This allows us to model the changing responses of
20However, one has to be cognizant of relatively small sample size and the fact that in this
period the central banks across the world took extraordinary measures to combat the crisis.
Also, in this period some of the monetary policy surprises coincided with bad economic news
leading to the perverse response of the American and European equity markets. For example,
the collapse of Bear Stearns in March 2008 and the associated 75 basis point rate cut.
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world equity markets across time to the Fed’s policy actions. There are alternative
approaches of modeling time-variation that includes structural break, as well as
Markov switching in the response coefficients. Usual test of time-variation has
a low power against the alternative, that is, it is difficult to distinguish between
different forms of time-variation. As in Boivin (2006), it is important to note that
structural break models are very special cases of time-variation and do not allow
for the gradual evolution of how stock markets respond to monetary policy shocks.
Moreover, time-varying parameter model may also be used as a good approxima-
tion of multiple breaks in the response coefficients.21 Thus, for each country i the
following state-space TVP model is considered:
Rit = α
i
t + β
i
t∆r
u
t + e
i
t (3.3)
The coefficient βit measures the time-varying response of the foreign stock market
returns to U.S. monetary policy surprise. Based on the fixed-coefficient model
presented before and the findings in the existing literature, this coefficient is ex-
pected to be negative implying that an unexpected increase in the interest rate
by the Fed would be associated with a drop in stock market returns.22 To allow
time-variation, βit is assumed to follows a random walk.
βit = β
i
t−1 + v
i
t where, v
i
t ∼ N(0, Q) (3.4)
21Stock and Watson (2002) and Boivin (2006) discuss merits of the TVP model over other
forms of structural break.
22Bernanke and Kuttner (2005); Ehrmann and Fratzscher (2009); Hausman and Wongswan
(2011); Wongswan (2009).
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Furthermore, equity market movements have often witnessed to possess the feature
of volatility clustering, therefore to model volatility we follow Sims (1999) and Sims
and Zha (2002) and allow for heteroskedasticity in the disturbance term et. To
model heteroskedasticity, the error term is allowed to follow ARCH(p) or GARCH
(1,1) process.23 The baseline model is GARCH (1,1) and is represented as:
eit|ψt−1 ∼ N(0, hit) (3.5)
hit = φ
i
0 + φ
i
1(e
i
t−1)
2 + φi2h
i
t−1 (3.6)
The study also explicitly take into account the possibility of spurious inference
in the GARCH (1,1) model as highlighted in Ma et al. (2007). Using Monte
Carlo experiments Ma et al. (2007) show that when the ARCH parameter is small
or insignificant the Zero-Information-Limit Condition formulated by Nelson and
Startz (2007) holds and the GARCH(1,1) model is weakly identified. This leads to
spurious GARCH effect that is possibly strong when in fact it is absent. Hence, to
avoid spurious inference, the empirical strategy recommended by Ma et al. (2007)
is followed and estimate an ARCH(p) model instead of the GARCH (1,1) model
for the countries were the ARCH parameter (φi1) is insignificant .
In order to predict and update the parameter estimates through the Kalman
filter process, we need to calculate equation (6), which itself is a function of the
past unobserved shocks and the square of the past unobserved shocks. Hence, it
23See Harvey et al. (1992) and Kim and Nelson (1998, 2006).
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becomes necessary to modify the model before applying the Kalman filter estima-
tion procedure. A relatively straightforward modification of the model involves
augmenting the error term into the state vector of the measurement equation as
stated below:
Rit =
[
1 ∆rut 1
]

αit
βit
eit
 (3.7)
(Rt = X
∗
t β
∗
t )

αit
βit
eit
 =

1 0 0
0 1 0
0 0 0
 .

αit−1
βit−1
eit−1
 +

σi0,t
σi1,t
eit
 (3.8)
(
β∗t = F
∗β∗t−1 + v
∗
t
)
& Q∗ = E(v∗t v
∗′
t ) =
 Q 0
0 ht
 (3.9)
3.5.2 Empirical Results
Basic Findings
The state-space model presented in the previous section is estimated by maximum
likelihood via the Kalman filter. The filtered time-varying responses of different
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countries’ stock returns to U.S. monetary policy surprise are shown in Figures 3.3-
3.7. The baseline model for heteroskedasticity in the error term is GARCH (1,1),
but the study also take into account the spurious inference problem in GARCH
model when the the ARCH coefficient is insignificant and zero information limit
condition applies, as pointed out by Ma et al. (2007). In cases where Ma et al.
(2007) critique applies, the paper estimates a time-varying parameter model with
ARCH(p) error terms. In the sample considered, ARCH model is estimated for
22 out of 36 countries.24 It should also be mentioned however, that time-varying
response coefficients are qualitatively similar for both GARCH and ARCH models
except for Argentina and India.
The results suggest interesting pattern for different groups of countries. First,
the response of the U.S. and the global stock markets to unexpected changes in the
Fed’s policy actions does in fact vary significantly over time. Second, European
equity markets exhibit a very high degree of comovement in their response to the
U.S. monetary policy surprise. Third, the impact of U.S. policy surprise on the
developing world is relatively more volatile. Fourth, in spite of the difference in the
response pattern across countries, important similarities exists during the periods
of crisis and between similar economies. Fifth, less surprisingly, the response of
the world equity markets to the Fed’s policy action in the recent financial turmoil
differs significantly for developed markets and the emerging market economies.
24In particular, the GARCH model is estimated for Australia, Hong Kong, Malaysia, and all
the European stock markets except Greece, Ireland, Italy, Spain and Switzerland. The ARCH
model is estimated for stock markets of the U.S., Canada, China, India, Indonesia, Japan, Korea,
New Zealand, Pakistan, Philippines, Singapore, Taiwan and Latin American stock markets.
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The stock market response during the current period is also significantly different
as compared to the earlier periods.
The results suggest significant time-variation in the response of global equity
markets to U.S. monetary policy surprises. There are several economic reasons
why the response should vary over time. For example, in a fixed-coefficient frame-
work, Bernanke and Kuttner (2005) suggest that the equity market premium and
expected future dividends explain why stock market reacts negatively to a posi-
tive surprise in interest rates. Equity market premium, however, has been found
to vary with time as in Campbell et al. (1997). This suggests that stock market
response to monetary policy shocks may also vary with time. The time-variation
is also consistent with Andersen et al. (2007) who find that the equity market’s
response to macroeconomics news depends on the stage of the business cycle. In
the international context, over and above such factors, additional channels like ex-
change rate exists. This channel transmits the impact of the U.S. monetary policy
action on the foreign stock prices.25 Since the response of exchange rate to mone-
tary policy shocks itself evolves over time, it is not surprising to find time-varying
response of foreign stock markets to U.S. monetary policy surprise.
For the whole sample period, the impact of the Fed’s policy surprise on the
U.S. and the foreign stock markets [Figures 3.3-3.7] was maximum during the
period of 1998-2001, and minimum during the 2002-2006 period. Further the
response pattern varied considerably during 1998-2001, but was far more stable in
25See Wongswan (2009) for more details.
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the 2002-2006 period. This holds true for almost all the stock markets across the
world with few notable exceptions like Indonesia [Figure 5(b)], Philippines [Figure
5(e)], China [Figure 5(h)] and Egypt [Figure 7(a)]. Between 2001-2006, the Fed’s
policy actions have not only become more predictable, but also the response of
stock markets to Fed’s policy surprises has declined.
Looking at the TVP estimates, it is found that a hypothetical 25 basis point
rate cut during the 1998-2001 period leads to a 2.5 percent jump in S&P 500,
and more than 5 percent increase in the stock market indexes of Korea, Hong
Kong and Singapore. The Latin American and European stock markets behaved
similarly, though the magnitude of response was slightly lower as compared to
these economies. On the other hand, during the 2002-2006 period, the response
to such a hypothetical rate cut declined to less than 1 percent for most of the
foreign stock markets and less than 1.25 percent in case of the S&P 500 stock
index returns.
The evidence presented above suggests that the response of foreign stock mar-
kets to Fed’s policy surprises is time dependent. It would also be interesting to
investigate whether these time varying responses depend on the size of the mon-
etary policy intervention. Hence, the correlation between the monetary policy
surprise and the TVP estimates of each country is computed. The results suggest
that except for the current financial crisis period, the correlation coefficient for
most of the stock markets is positive but weak. In general this means that the
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impact of monetary policy shock may be related to the size of the shock.26 How-
ever, the correlation gets weakened if the recent financial crisis period is included
in the calculations. This is understandable given the unusual response of foreign
stock markets in the recent crisis period the details of which are discussed in the
following section.
The results also show a significant degree of comovement in the responses
across different regions.27 Figures 2(a) & 2(b) suggests a clear pattern in how the
European economies’ stock markets respond to the U.S. monetary policy surprise.
First, the variation across time in the impact of the U.S. policy shock on most of
the European markets is very similar, even though the magnitude differs by a small
margin. This result is not very surprising since the European financial markets
are much more tightly linked than the financial markets in any other region of the
world. This is also confirmed by the evidence presented in the Table 3.4. This table
shows the correlation between the time-varying response coefficients of different
European stock markets. The correlation between the response coefficient of S&P
500 and the FTSE, DAX and CAC is 0.71, 0.68 and 0.68 respectively. Similarly,
the correlation for other European economies lie in the range of 0.8-0.9. One
possible explanation for the high degree of correlation could be the progressive
integration of the international stock markets (Morana and Beltratti 2008).
26The possibility of a nonlinearity in the relationship of the stock markets response to some
threshold level of monetary policy shocks based on the Hansen (2000) threshold test is also
considered. The preliminary evidence for big economies like the U.S., U.K., Canada and Germany
among others suggest that threshold effect doesn’t exist i.e. Hansen’s test doesn’t reject the null
of no threshold effect. To maintain brevity the results for threshold analysis are not reported.
27Kizys and Pierdzioch (2009) study the changing patterns of the international comovement
of stock returns and how these are systematically linked to asymmetric macroeconomic shocks.
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Similar behavior is found in the responses by stock markets of the Latin Amer-
ican economies. This can be observed by looking at Figures 6(a)-6(d). In case of
the Asian markets, it is found that these markets don’t fit into one single group
in how it responds to U.S. monetary policy shocks [Figures 5(a)-5(m)]. Formal
support for this is presented in Table 3.5. The correlation in the response of the
stock markets of China, India, Philippines and Indonesia with the response of
other stock markets in the region is around 0.2 and even negative in some of the
cases.
Overall, the correlation between the response coefficients of different OECD
economies is mostly above 0.6 [Table 3.4], while for the non-OECD economies’
stock markets it is far below 0.3 and even negative [Table 3.5]. Hence, based on
the response pattern [Figures 3.3-3.7] and the evidence presented in Table 3.4 and
Table 3.5 we can conclude that the time-varying impact of the U.S. monetary
policy shocks on the stock market of OECD economies is more tightly linked to
each other. However, this is clearly not the case with the stock markets of the
emerging market economies.
As shown in Figures 5(a)-5(m), most of the equity markets in the emerging
economies of the Asia-Pacific region like Korea [Figure 5(c)], Hong Kong [Figure
5(a)], Singapore [Figure 5(f)], China [Figure 5(h)], Indonesia [Figure 5(b)] and
Latin America [Figures 6(a)-6(d)] respond much more aggressively to the Fed’s
policy surprise as compared to the U.S. and the European markets. Thus, a 25
bps unexpected rate cut by the Fed could elicit a positive response up to as high
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as 2.5 percent in case of the U.S., 7.5 percent in case of Korea, 5 percent in case
of Hong Kong, Singapore and the Latin American economies. These responses
are significantly higher than the baseline fixed-coefficient point estimates of 0.5
percent for the U.S., 1 percent in case of Korea, 2.5 percent in case of Hong Kong,
1.25 percent in case of Singapore and around 1 percent in case of Latin American
stock markets. The differences could possibly be explained by the fact that point
estimates are only able to capture the average response for the whole sample period
and it masks the significant time-variation that is clearly evident from the TVP
model adopted in this study.
These findings highlights the importance of modeling the stock return response
in a time-varying parameter setting. The time-varying estimates provide a much
richer dynamics of the relationship of the foreign stock markets to the U.S. mon-
etary policy shocks. Further, the U.S. monetary policy plays at least as impor-
tant role in emerging economies equity market, as it does in the European equity
markets. Also, less surprisingly, the impact of the Fed’s policy surprise on the
European equity markets is very similar.
The Response During the Crisis Periods
There is widespread evidence in the literature that suggests that the behavior
of the stock markets during recessions and crisis episodes is very different than
the normal times.28 In addition to confirming these existing findings, the study
28Andersen et al. (2007); Bomfim (2003); McQueen and Roley (1993); Schwert (1989) among
others.
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also report that the usual response pattern was reversed in the 2008 crisis period
in case of the OECD economies. The results are shown in Figures 3.3-3.7. The
sample period in this study covers three crisis episodes: the LTCM crisis of 1997,
the economic downturn of 2001, and the 2008 financial crisis.
The results suggest that during the crisis periods, the foreign equity markets
become more sensitive to U.S. monetary policy shocks. This is consistent with
the theoretical model of Ribeiro and Veronesi (2002) and the empirical findings
of Gulen et al. (2011). According to these studies, the news is more informative
about the true state of the economy in contractions, resulting in higher cross-
market correlations. This implies that global financial markets become much
more sensitive to U.S. monetary policy shocks during economic downturns. To
the extent that investors across the globe perceives the Fed’s policy actions to
reveal important information about the state of the U.S. economic activity and
that this news has increased relevance in the periods of contractions, any surprise
move by the Fed during such period will mean increased response of the equity
markets to FOMC announcements.
Furthermore, even though the behavior of the European stock market was
similar to that of other equity markets across the world during the first two crisis
episodes, its response during the recent financial crisis was remarkably different
as shown in Figures 2(a) & 2(b) and also Figures 4(a)-4(o). While in the first two
crisis periods the Fed rate cuts were associated with a rise in the European equities,
the sign of equity response in the recent crisis was reversed. This shows that during
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the recent financial turmoil the panic among investors was so severe that it greatly
reduced the ability of the monetary authorities to lift the stock market sentiments
via interest rates cuts. One possible explanation of this response reversal is that
this policy shock was perceived by market participants as a signal of a deteriorating
economic outlook. This is certainly plausible under the scenario where the Fed has
informational advantage over the private market participants (Romer and Romer
2000).
For the Asia-pacific region and Latin America, however, we do not find a re-
versal in the response of stock markets to U.S. monetary policy surprise during
the recent crisis. The results are shown in Figures 5(a)-5(m). The results suggest
that the overall response of the stock markets in emerging countries in 2008 was
similar to the responses during the LTCM crisis and the 2001 recession. The lim-
ited exposure of these economies to ‘sophisticated’ derivative products and lower
losses on these products may have been one of the reasons why these countries
did not respond the way the advanced economies did to U.S. monetary policy
surprise in 2008. Another possible explanation could arise from the interest rate
differential channel and international portfolio adjustments. An increased interest
rate differential between the U.S. and the emerging market economies due to such
steep rate cuts lead to carry trade, thereby leading to an increased sensitivity of
these markets to the U.S. policy actions. It can also be argued that the impact of
monetary policy shock on stock returns may depend upon the level of uncertainty
in the economy. The different response during the current financial crisis certainly
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provide some support to this view. However, it should also be noted that the
increase in uncertainty may also arise due to the actions of central banks. The
relationship between the effectiveness of monetary policy shock and uncertainty
is an interesting topic in itself and it warrants a careful examination.
3.6 Robustness Check
There is widespread evidence that suggests that stock market movements in the
U.S. leads the world stock markets, or there is a significant degree of comovement
with the U.S. stock markets. (for example, Eun and Shim (1989) for the developed
markets and Bekaert and Harvey (1997) for the emerging markets). Hence, in order
to check for the robustness of the results, the daily returns of the S&P 500 are
included as an additional variable in the baseline time-varying regression model as
represented by equation (3). In particular, the following regression is estimated:
Rit = α
i
t + β
i
t∆r
u
t + γ
i
tR
US
t + e
i
t (3.10)
where, RUSt is the daily returns on the S&P index. The coefficient γ
i
t measures
the extent of the influence of the U.S. stock market movements on the countries
i stock returns. This coefficient measuring the comovement of countries stock
returns with the U.S. stock returns is also allowed to vary over time.
It is evident from the plots in Figures 3.3-3.7 that the earlier results from
the TVP model remain robust even after controlling for the S&P returns for
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almost every country under this study. This implies that the Fed’s surprises have
a direct impact on the world equity markets apart from its indirect influence
via the U.S. equity market movements, and that these responses vary over time.
Not surprisingly, the magnitude of the response shrinks slightly for most of the
countries. This is consistent with the literature that suggests that the movement
in the U.S. markets does influence the world equities through varying extent even
apart from the impact of the Fed’s policy actions.
The results are consistent with the fixed-coefficient framework of Hausman and
Wongswan (2011) who find evidence that foreign equity markets respond directly
to FOMC announcements even after controlling for the U.S. stock returns. In the
paper, the time-varying response plots represented by the dotted lines in Figures
3.3-3.7 are better able to uncover the direct impact of the U.S. monetary policy
shocks after controlling for the influence of the U.S. stock returns on the foreign
stock markets.
In case of the European stock markets, Figures 4(a)-4(o) reveal that once
the influence of the U.S. stock market is controlled for, the impact of the FOMC
announcements on the European stock returns is reduced to some extent. However,
this is not the case for most of the non-European stock markets. The stock market
response of these countries to FOMC announcements does not alter significantly
even after controlling for the U.S. stock returns. This suggests that the extent
of comovement between the U.S. and the European stock markets is much more
stronger than comovement between the U.S. and the Asian, Latin American and
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Middle Eastern stock markets. Japanese and Australian markets are exception
to this, as the response coefficients change significantly after for S&P returns in
these two countries. This reflects the strong interlinkage between these economies
and the U.S. financial markets.
Therefore, the results in this study suggest that the time-varying response of
foreign stock market returns to U.S. monetary policy shocks remain qualitatively
unchanged even after controlling for the direct impact of S&P 500 returns in
the regression equation. In terms of the actual estimates, it is found that the
stock market response of the countries that have developed financial markets and
have strong financial linkages with the U.S. witness significant reduction after one
controls for the S&P 500 returns. However, it is also found that the response of
most of the non-European stock markets remain almost unchanged even after the
inclusion of S&P 500 returns in the model specification.
3.7 Conclusions
This essay performs an estimation of the time-varying response of the foreign stock
markets to U.S. monetary policy surprises derived from the Federal funds futures
market. The study notes that a fixed-coefficient approach of estimating the equity
return response to U.S. monetary policy surprise is not able to capture the gradual
evolution of the global stock market sensitivity to U.S. monetary policy changes.
These responses may change over time because of factors like time-varying financial
integration, the state of the business cycles and the time-variation in equity risk
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premia itself. The results show significant time-variation in the response of global
equity markets to U.S. monetary policy surprises. Further, the impact of the Fed
policy shocks on the Asia-pacific region and Latin American economies is at least
as strong as the impact on the U.S. and the European equity markets.
The results also show that the stock markets across the world respond more
to U.S. monetary policy surprises during the crisis periods. In the sample, these
crisis periods include the LTCM crisis of 1997, the 2001 recession and the financial
crisis of 2008. The findings suggest an interesting pattern in how the European
and the U.S. market responded to a surprise cut in Federal funds rate during the
2008 financial crisis. Rather than boosting the stock market, the study finds that
the surprise cut in the interest rate during the 2008 financial crisis led to a fall in
the stock returns across Europe and the North American markets. This reflects
the abnormal nature of the current recession and the surprise cut in the interest
rate may have revealed information about deteriorating economic outlook.
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Table 3.1: Summary Statistics
Country Code Period Obs Mean Median Max Min S.D.
Argentina MERV 8-Oct-96 103 0.20 0.22 7.36 -4.53 1.67
Australia AORD 17-May-94 123 0.38 0.22 6.27 -1.52 1.21
Austria ATX 17-May-94 123 0.40 0.38 4.96 -2.55 1.23
Belgium BFX 17-May-94 123 0.34 0.28 4.81 -4.25 1.22
Brazil BVSP 17-May-94 123 0.56 0.44 6.76 -4.67 1.76
Canada TSE 3-Jan-00 83 0.39 0.28 5.58 -1.88 1.28
Chile IGPA 3-Jan-00 76 0.06 -0.04 3.07 -1.88 0.66
China SSEC 4-Jan-00 76 0.05 0.09 5.80 -4.51 1.58
Denmark OMXC 3-Jan-00 76 0.19 0.06 4.59 -4.24 1.51
Egypt CCSI 2-Jul-97 97 0.24 0.17 5.43 -3.01 1.06
France CAC 17-May-94 123 0.25 0.31 4.86 -4.56 1.55
Germany DAX 17-May-94 123 0.27 0.52 4.76 -5.50 1.64
Greece ATH 3-Jan-00 74 0.22 0.32 3.91 -4.65 1.36
Hongkong HSI 17-May-94 123 0.64 0.19 13.43 -3.10 2.21
India BSE 1-Jul-97 97 0.59 0.46 7.69 -2.22 1.66
Indonesia JKSE 1-Jul-97 96 0.81 0.51 11.73 -3.80 2.42
Ireland ISEQ 7-Apr-98 78 0.25 0.24 5.12 -2.86 1.52
Israel TASE 1-Jul-97 96 0.12 -0.01 4.35 -3.05 1.36
Italy ITY 2-Jun-03 46 0.20 0.30 3.54 -2.95 1.16
Japan NIK 17-May-94 123 0.40 0.28 7.84 -3.49 1.74
Korea KOSPI 1-Jul-97 97 0.66 0.36 9.63 -5.74 2.28
Malayasia KLSE 17-May-94 123 0.62 0.34 10.41 -2.55 1.70
Mexico MXX 17-May-94 123 0.29 0.24 6.49 -2.88 1.36
Netherland AEX 17-May-94 123 0.36 0.55 5.00 -4.64 1.46
New Zealand NZSE 30-Apr-04 39 0.25 0.13 3.36 -1.63 0.91
Norway NOR 7-Feb-01 66 0.23 0.13 4.71 -4.25 1.47
Pakistan PAK 2-Jul-97 97 -0.31 -0.11 2.85 -6.89 1.64
Philippines PSEI 3-Jan-00 76 0.60 0.22 12.86 -2.53 1.97
Portugal POR 24-Jan-00 75 0.08 0.05 2.92 -3.41 1.26
Singapore STIS 17-May-94 122 0.52 0.33 8.43 -2.18 1.65
Spain IBEX 17-May-94 123 0.18 0.29 4.35 -4.77 1.55
Sweden SWD 8-Jan-01 66 0.39 0.08 5.67 -2.94 1.68
Switzerland SSMI 9-Nov-90 123 0.32 0.18 3.67 -3.85 1.12
Taiwan TWI 2-Jul-97 95 0.26 0.07 7.71 -5.04 1.86
UK FTSE 17-May-94 123 0.28 0.35 5.81 -2.72 1.17
USA SNP 17-May-94 123 0.41 0.22 5.21 -2.81 1.28
The following table shows the summary statistics of the event returns of the global stock market
indexes. The column titled ‘Period’ refers to the beginning period for various countries when the
data is available. The column titled ‘Obs’ refers to the number of FOMC meeting announcements
from the start date till June 25, 2008.
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Table 3.2: Response of Global Equity Indexes to the Fed Surprise
Full Sample Excluding Recent crisis
Country βi R-Sq Obs βi R-Sq Obs
U.S. and Canada:
U.S. -0.02* 0.02 123 -0.07*** 0.24 104
(0.01) (0.01)
Canada -0.06*** 0.32 83 -0.08*** 0.35 64
(0.01) (0.01)
Europe:
Austria -0.00 0.00 123 -0.03*** 0.07 104
(0.01) (0.01)
Belgium 0.01 0.01 123 -0.00 0.00 104
(0.01) (0.01)
Denmark 0.00 0.00 76 -0.03 0.02 57
(0.01) (0.02)
France -0.00 0.00 123 -0.04** 0.05 104
(0.01) (0.02)
Germany 0.01 0.00 123 -0.02 0.02 104
(0.01) (0.02)
Greece 0.01 0.00 74 -0.05** 0.12 55
(0.01) (0.02)
Ireland 0.01 0.00 78 0.01 0.00 59
(0.01) (0.02)
Italy 0.03** 0.12 46 -0.23* 0.13 27
(0.01) (0.11)
Netherland 0.00 0.00 123 -0.03* 0.03 104
(0.01) (0.02)
Norway 0.01 0.00 66 -0.00 0.00 47
(0.02) (0.02)
Portugal -0.00 0.00 75 -0.03* 0.06 56
(0.01) (0.02)
Spain -0.02 0.01 123 -0.07*** 0.14 104
(0.01) (0.02)
Sweden 0.01 0.01 66 -0.05* 0.07 47
(0.02) (0.03)
Switzerland 0.01 0.00 123 -0.00 0.00 104
(0.01) (0.01)
UK -0.01 0.01 123 -0.04*** 0.11 104
(0.01) (0.01)
continued on next page
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Full Sample Excluding Recent crisis
βi R-Sq Obs βi R-Sq Obs
Latin America:
Argentina -0.05*** 0.09 103 -0.10*** 0.26 84
(0.01) (0.02)
Brazil -0.03* 0.02 123 -0.03 0.02 104
(0.02) (0.02)
Chile -0.02*** 0.14 76 -0.01** 0.07 57
(0.01) (0.01)
Mexico -0.05*** 0.13 123 -0.04** 0.06 104
(0.01) (0.01)
Asia-Pacific:
Australia -0.03*** 0.06 123 -0.02** 0.04 104
(0.01) (0.01)
China -0.01 0.01 76 0.02 0.02 57
(0.02) (0.02)
Hongkong -0.10*** 0.21 123 -0.08*** 0.14 104
(0.02) (0.02)
India -0.06*** 0.13 97 -0.04** 0.05 78
(0.01) (0.02)
Indonesia -0.07*** 0.10 96 -0.05* 0.04 77
(0.02) (0.03)
Japan -0.01 0.00 123 -0.00 0.00 104
(0.02) (0.02)
Korea -0.04* 0.04 97 -0.09*** 0.12 78
(0.02) (0.03)
Malayasia -0.01 0.00 123 -0.01 0.00 104
(0.01) (0.02)
New Zealand 0.00 0.00 39 0.16 0.12 20
(0.01) (0.10)
Pakistan 0.03** 0.04 97 0.05* 0.05 78
(0.02) (0.02)
Philippines -0.01 0.00 76 -0.03 0.03 57
(0.02) (0.02)
Singapore -0.05*** 0.09 122 -0.07*** 0.14 104
(0.01) (0.02)
Taiwan 0.00 0.00 95 -0.06** 0.07 76
(0.02) (0.02)
continued on next page
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Full Sample Excluding Recent crisis
βi R-Sq Obs βi R-Sq Obs
Middle East:
Egypt -0.03*** 0.09 97 0.00 0.00 78
(0.01) (0.01)
Israel 0.01 0.01 96 -0.03* 0.05 78
(0.01) (0.02)
The table shows the estimates from the regression equation for the full sample (1994-2008) and
for the (1994-2006) sample period that excludes the recent financial crisis episode. The estimated
regression equation is: Rit = α
i+βi∆rut +e
i
t where, R
i
t represents the abnormal return of country
i at the event date t and ∆rut captures the monetary policy surprise calculated form the Fed funds
futures data. Standard errors are reported in parentheses. *, ** and *** denote significance at
10%, 5% and 1%, respectively.
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Table 3.3: Response of Global Equity Indexes to the Fed Surprise for Different
Sample Periods
May 94 - Jan 01 Jan 01 - Sept 06 Sept 06 - Jun 08 F-Test
Country βi R2 Obs βi R2 Obs βi R2 Obs [P-Val]
U.S. and Canada:
USA -0.06*** 0.2 56 -0.09*** 0.48 49 0.04 0.14 20 14.06
(0.02) (0.01) (0.02) [0.00]
Canada -0.09*** 0.41 16 -0.08*** 0.46 49 -0.05*** 0.32 20 3.26
(0.03) (0.01) (0.02) [0.14]
Europe:
Austria -0.04*** 0.14 56 -0.02 0.03 49 0.03 0.05 20 5.26
(0.01) (0.02) (0.03) [0.03]
Belgium -0.01 0.0 56 0.01 0.01 49 0.02 0.05 20 1.85
(0.02) (0.02) (0.02) [0.43]
Denmark -0.05 0.18 9 -0.02 0.01 49 0.02 0.04 20 2.80
(0.04) (0.02) (0.02) [0.21]
France -0.05** 0.1 56 -0.03 0.04 49 0.04* 0.17 20 6.57
(0.02) (0.02) (0.02) [0.01]
Germany -0.02 0.02 56 -0.01 0 49 0.04** 0.24 20 4.92
(0.02) (0.03) (0.02) [0.04]
Greece -0.11 0.14 8 -0.05** 0.12 47 0.03 0.11 20 10.28
(0.11) (0.02) (0.02) [0.00]
Ireland 0.01 0.0 11 0.01 0.0 49 0.01 0.01 20 1.73
(0.04) (0.02) (0.03) [0.47]
Italy - - - -0.23* 0.13 27 0.04* 0.17 20 2.53
- (0.11) (0.02) [0.26]
Netherland -0.04** 0.09 56 -0.02 0.01 49 0.04* 0.16 20 6.15
(0.02) (0.03) (0.02) [0.02]
Norway - - - 0.00 0.0 47 0.01 0.01 20 0.59
- (0.02) (0.03) [0.96]
Portugal -0.10** 0.65 8 -0.03* 0.07 49 0.02 0.08 20 9.79
(0.03) (0.02) (0.02) [0.00]
Spain -0.10*** 0.29 56 -0.04** 0.08 49 0.04* 0.15 20 13.77
(0.02) (0.02) (0.02) [0.00]
Sweden - - - -0.05* 0.07 47 0.04 0.12 20 5.62
- (0.03) (0.02) [0.02]
Switzerland -0.01 0.02 56 0.01 0.01 49 0.02 0.05 20 1.95
(0.01) (0.02) (0.02) [0.40]
UK -0.04*** 0.15 56 -0.05*** 0.15 49 0.02 0.05 20 5.74
continued on next page
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May 94 - Jan 01 Jan 01 - Sept 06 Sept 06 - Jun 08 F-Test
βi R2 Obs βi R2 Obs βi R2 Obs [P-Val]
(0.01) (0.02) (0.02) [0.02]
Latin America:
Argentina -0.11*** 0.35 36 -0.10*** 0.29 49 0.00 0 20 9.28
(0.03) (0.02) (0.02) [0.00]
Brazil -0.01 0 56 -0.07*** 0.18 49 -0.02 0.03 20 3.36
(0.03) (0.02) (0.02) [0.13]
Chile -0.02 0.27 9 -0.01* 0.06 49 -0.03* 0.18 20 1.63
(0.01) (0.01) (0.01) [0.51]
Mexico -0.05** 0.09 56 -0.04*** 0.15 49 -0.06*** 0.34 20 4.55
(0.02) (0.02) (0.02) [0.05]
Asia-Pacific:
Australia -0.02* 0.06 56 -0.02* 0.08 49 -0.03 0.08 20 5.74
(0.01) (0.01) (0.03) [0.02]
China 0.02 0.19 9 0.02 0.01 49 -0.03 0.07 20 4.24
(0.02) (0.02) (0.03) [0.07]
Hongkong -0.08** 0.11 56 -0.09*** 0.41 49 -0.11** 0.3 20 4.18
(0.03) (0.02) (0.04) [0.07]
India -0.03 0.04 30 -0.04* 0.07 49 -0.06** 0.29 20 5.19
(0.03) (0.02) (0.02) [0.03]
Indonesia -0.13** 0.18 30 0.00 0 48 -0.08* 0.19 20 4.84
(0.05) (0.02) (0.04) [0.04]
Japan -0.02 0.01 56 0.02 0.01 49 -0.02 0.02 20 1.68
(0.02) (0.03) (0.02) [0.49]
Korea -0.14** 0.19 30 -0.09*** 0.21 49 0.00 0 20 5.78
(0.06) (0.03) (0.03) [0.02]
Malayasia 0.00 0 56 -0.02* 0.06 49 -0.01 0.01 20 1.22
(0.03) (0.01) (0.02) [0.68]
New Zealand - - - 0.16 0.12 20 0.01 0.01 20 5.82
- (0.10) (0.01) [0.02]
Pakistan 0.09** 0.14 30 0.01 0.01 49 0.02 0.11 20 4.16
(0.04) (0.02) (0.01) [0.07]
Philippines -0.02 0.02 9 -0.03 0.05 49 0.00 0 20 4.75
(0.04) (0.02) (0.04) [0.05]
Singapore -0.09*** 0.22 56 -0.05*** 0.14 49 -0.02 0.03 19 4.02
(0.02) (0.02) (0.03) [0.08]
Taiwan -0.08* 0.12 29 -0.07*** 0.15 48 0.05** 0.22 20 8.28
(0.04) (0.02) (0.02) [0.00]
continued on next page
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May 94 - Jan 01 Jan 01 - Sept 06 Sept 06 - Jun 08 F-Test
βi R2 Obs βi R2 Obs βi R2 Obs [P-Val]
Middle East:
Egypt 0.00 0 30 0.00 0 49 -0.05** 0.24 20 5.82
(0.01) (0.01) (0.02) [0.02]
Israel -0.08*** 0.33 30 (0.02) 0.02 49 0.04* 0.18 19 8.47
(0.02) (0.02) (0.02) [0.00]
The table shows the estimates from the following regression equation for the three sub-sample
periods. Rit = α
i + βi∆rut + e
i
t where, R
i
t and ∆r
u
t represent the abnormal return and the
policy surprises respectively. Standard errors are reported in parentheses. *, ** and *** denote
significance at 10%, 5% and 1%, respectively.
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Figure 3.1: Monetary Policy Surprise Computed from the Federal Funds Futures
Interest Rate
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Figure 3.2: The Filtered Time Varying Response of the European Stock Markets
to FOMC Announcements.
(a)
(b)
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Figure 3.3: The Filtered Time Varying Response of the U.S. and Canadian Stock
Markets to FOMC Announcements.
(a) The U.S. (b) Canada
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Figure 3.4: The Filtered Time Varying Response of the European Stock Markets
to FOMC Announcements.
(a) UK (b) Germany (c) France
(d) Belgium (e) Switzerland (f) Spain
(g) Netherland (h) Austria (i) Denmark
87
(j) Sweden (k) Greece (l) Portugal
(m) Ireland (n) Italy (o) Norway
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Figure 3.5: The Filtered Time Varying Response of Stock Markets in Asia-Pacific
Region to FOMC Announcements.
(a) Hong Kong (b) Indonesia (c) Korea
(d) Malaysia (e) Philippines (f) Singapore
(g) Taiwan (h) China (i) India
89
(j) Pakistan (k) Australia (l) Japan
(m) New Zealand
90
Figure 3.6: The Filtered Time Varying Response of the Latin American Stock
Markets to FOMC Announcements.
(a) Argentina (b) Brazil (c) Mexico
(d) Chile
Figure 3.7: The Filtered Time Varying Response of the Middle Eastern Stock
Markets to FOMC Announcements.
(a) Egypt (b) Israel
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CHAPTER 4
Does Federal Funds Futures Rate
Contain Information about the Treasury
Bill Rate?
4.1 Introduction
One of the channels of monetary policy transmission is through its impact on the interest
rates at different maturities along the yield curve. The explicit theoretical link between
interest rates across different maturities is provided by the expectations hypothesis (EH
hereafter). Though the empirical support for the EH is generally weak, it is well estab-
lished that interest rates across maturities tend to co-move (Bradley and Lumpkin. 1992;
Engsted and Tanggaard 1994; Hall et al. 1992).1 Following expectations hypothesis, the
federal funds rate and the yield on bonds especially at the shorter horizon tend to move
together. However, the dynamic relationship between the effective federal funds rate
and the Treasury bill rate (T-bill hereafter) is constrained by the fact that the effective
federal funds rate always tend to revert back to the target federal funds rate, whereas the
yield on the T-bill reflects current and expected future short-term interest rates (Sarno
and Thornton 2003). To gain insight into the dynamic relationship between the T-bill
market and expected monetary policy stance, we need a measure of the expected federal
1Even though comovement of the interest of different maturities is a necessary condition for
EH to hold, it is by no means sufficient. See for example Miron (1991).
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funds rate. Even though the expectations of Fed’s policy actions are not directly observ-
able, the federal funds futures market is found to possess significant information that
can efficiently predict future monetary policy actions (Gu¨rkaynak et al. 2007; Krueger
and Kuttner 1996; Robertson and Thornton 1997).
Recognizing that the federal funds futures market contains valuable information
about future movements in federal funds rate, this paper examines the dynamic rela-
tionship between the federal funds futures market and the T-bill market. The federal
funds futures market data allows us to include all the relevant information of the mar-
ket participants’ expectations of the monetary policy actions that will impact the yield
curve. This paper is certainly not the first study that links the federal funds rate with
the T-bill rate. Sarno and Thornton (2003) also examine the dynamic relationship be-
tween the daily effective federal funds rate and the T-bill rate and find that they move
together in the long-run. They find that if there is a disequilibrium in the short-run,
only the effective federal funds rate moves to correct for the disequilibrium. The results
in Sarno and Thornton (2003) are not very surprising since the effective federal funds
rate always tends to revert back to the target federal funds rate. The effective federal
funds rate does not incorporate any changes in federal funds rate that the market ex-
pects to take place in the future. The use of federal funds futures rate allows us to get
around this problem, as it incorporates information about market’s expectation about
the future federal funds rate.
Using daily data from 1989 to 2008 the study finds that one month federal funds (FF
hereafter) futures rate and the 3-month T-bill rate are cointegrated, and hence move
together in the long run. Since one month FF futures rate co-move with the T-bill rate
in the long run, any short run disequilibrium needs to be corrected. It turns out that if
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there is disequilibrium in the cointegrating relationship between one month FF futures
rate and the T-bill rate, both these rates error-correct. It is important to note that this
evidences does not explicitly test the expectation hypothesis nor does this alone prove
the existence of it. The results are in contrast to what Sarno and Thornton (2003)
found, where only the effective federal funds rate move to correct for the short-run
disequilibrium. This is not surprising since both the federal funds futures rate and the
T-bill rate incorporate expectation about future changes in the federal funds rate, but
the effective federal funds rate is constrained by the current federal funds rate target.
The effective funds rate is constrained because the Fed ensures that it gets close to the
target rate.
Given the finding that both the one month FF futures rate and the T-bill rate
move to correct for the disequilibrium, we can utilize this information to decompose the
movements in these two rates into trend and cycle using multivariate Beveridge-Nelson
decomposition. Decomposing the FF futures rate and the T-bill rate into the trend and
cycle, the study finds that there was a big positive cycle in the federal funds futures rate
before 2008 implying a future downward movement in the federal funds futures rate.
The study also find a negative cycle in T-bill market during the financial crisis implying
the yield on T-bill was below the long-run trend.
The remainder of the paper is structured as follows. Section 2 provides a brief
literature review followed by the conceptual framework in section 3. Section 4 presents
the data used in the study. Empirical analysis in section 5 contain the results from
error correction model and the multivariate Beveridge-Nelson trend-cycle decomposition.
Robustness of results is checked in Section 6 and conclusions are presented in Section 7.
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4.2 Related Literature
A big portion of the literature focuses on testing the theoretically appealing expecta-
tions hypothesis of interest rates according to which the long-term rate is determined
by the market expectations for the short-term rate plus a constant risk premium.2 Fol-
lowing Engle and Granger (1987) seminal work, most empirical studies have preferred
cointegration and error correction technique to formally test the expectations hypothesis
(Booth 1991; Campbell and Shiller 1991; Engsted and Tanggaard 1994; Hall et al. 1992;
Lardic and Mignon 2004; Zhang 1993, among others). The cointegrating relationship
between interest rates of different maturities implies that a single non-stationary com-
mon factor underlies the time series behavior of each of the yield to maturity and that
the term risk premium is stationary.
In its essence the Expectations Hypothesis suggests that the forward rates should
have significant predictive power for future short-term interest rates. Dominguez and
Cinca (2002) uses data on Eurodeposits for number of currencies and studies whether
forward rates can be used to improve interest rate forecasts. They find forward rates
are able to produce better forecasts than those obtained from the own past of interest
rates, especially at the shorter end of the yield curve.
The other strand of literature has focused on the money markets, both of the US
and the world. For example, Zhou (2007) study the dynamic relationship between the
federal funds rate and short-term Eurodollar deposits rates. The study finds strong
evidence of co-movement between these interest rates and the adjustment of these rates
2 The empirical evidence supporting the EH is generally weak. Campbell et al. (1997) and
Sarno et al. (2007) find evidence against EH while weak support is found in Campbell and Shiller
(1991); Hall et al. (1992); Zhang (1993) and Lardic and Mignon (2004).
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toward long-run equilibrium appears to be related to the targeting procedural changes.
Ajayi and Serletis (2009) examine the dynamic relation between daily Eurodollar and
US Certificate of Deposit (CD) interest rates. They find linear causality only from
the US CD rates to the Eurodollar interest rates. However, they also find significant
bidirectional nonlinear causality between these two interest rates. Several researchers has
also investigated the interest rate linkages at the short and long end of the yield curve,
both within U.S. markets (Berument and Froyen 2008; Swiston 2007) and between the
U.S. and other major economy’s financial markets (Bryant and Joyeux 2010; Ehrmann
et al. 2011; Lindenberg and Westermann 2012).
In the context of the U.S. money markets, Simon (1990) finds that during the federal
funds targeting regime the spread between the 3-month T-bill rate and the federal funds
rate have no predictive power for the funds rate itself. Barnes (2012) studies the target
federal funds rate-CD rate linkage. The study particularly focuses on comparing the
time series behavior of these two interest rates between pre-and post-crisis of 2007.
Barnes (2012) finds a breakdown in the typical target-CD rate linkage in August 2007.
During the 2-year period following 2007, even while the target and other short-term
rates were falling banks kept the CD rates firm as a way to attract funds in a period of
growing uncertainty.
Sarno and Thornton (2003) examine the dynamic relationship between the effective
federal funds rate and the 3 month T-bill rate. The study employs nonlinear asymmetric
VECM and find that the long-run equilibrium relationship between these two rates
remain stable across monetary policy regimes. Importantly, the asymmetric adjustment
that they find to be present in the error correction process is mainly done by the funds
rate. The 3-month T-bill do not adjust in a significant way and thus not predictable in
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that sense.3 They stress on the role of expectation by the market about future monetary
policy actions in explaining such interesting behavior.
In a different but related strand of literature Krueger and Kuttner (1996) show that
the FF futures market incorporates virtually all the publicly available quantitative infor-
mation that can efficiently predict short run movements in the monetary policy. Similar
conclusions have also been found in Robertson and Thornton (1997) and Gu¨rkaynak
et al. (2007). Kuttner (2001) finds that unexpected policy action derived from the FF
futures rate has a significant impact on the bill, note, and bond yields.
These evidence in the literature motivates the question raised in the paper. Does
federal funds futures rate contain information about the Treasury bill rate? Our study
is closest to Sarno and Thornton (2003) in flavor. However, in our study we use the
federal funds futures rate that has been found to contain valuable information about
future monetary policy stance and is an efficient predictor of federal funds rate in future.
Unlike Sarno and Thornton (2003) study which finds that the T-bill rate do not adjust
to correct for its long-run disequilibrium with the effective federal funds rate, our study
shows that the T-bill rate plays a significant role in the short-run disequilibrium, and
has much more important role in the daily dynamic relationship between the federal
funds futures rate and the T-bill rate. Using this short-run error correction property,
our study also undertakes a multivariate Beveridge-Nelson trend-cycle decomposition of
the two interest rates.
3 Similar evidence of weak predictability of T-bill rate is found by Campbell and Shiller
(1991), Hardouvelis (1988) and Simon (1990).
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4.3 Conceptual Framework
The expectations hypothesis provides the theoretical link between interest rates across
different maturities. Number of studies have noted that cointegration and error cor-
rection techniques are natural ways of testing the implications of the EH (Campbell
and Shiller 1991; Engle and Granger 1987; Hall et al. 1992; Stock and Watson 1988).
Even though the objective of the present study is not to formally test the expectations
hypothesis per se it would be informative to present a brief conceptual framework.
Let Rk,t and Fk,t denote the yield to maturity of a k-period pure discount bond and
the forward rate respectively. The relationship linking Rk,t and Fk,t may be described
according to the Fisher-Hicks recursive formula, as Rk,t =
1
k
[∑k
j=1 Fj,t
]
for k = 1, 2,
. . . (Campbell et al. 1997; Hall et al. 1992). It is well accepted that the forward rate
differ from the expected future yield to maturity due to presence of the term premia
that arise out of investors risk considerations and preferences for liquidity. Hence, the
forward rate could be characterized as Fj,t = Et(Rk,t+j−1) + φj,t where, Et(Rk,t+j−1)
represents the expected rates conditioned on information available at time t and φj,t is
the term premium. We can then re-write the Fisher-Hicks formula as follows:
Rk,t =
1
k
 k∑
j=1
Et(R1,t+j−1)
+ δj,t (4.1)
where δj,t =
∑k
j=1 φj,t captures the effects of term premia components. The pure expec-
tations hypothesis asserts that the term premia are all identically equal to zero, δj,t ≡ 0.
A milder version of the EH asserts a less stringent proposition that the term premia is
constant over time.
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Assuming that yield to maturity across maturities are integrated I(1) processes one
can obtain the equation that links the yields at different maturities.
Rk,t −R1,t = 1
k
k−1∑
i=1
i∑
j=1
Et∆R1,t+j +
k∑
j=1
φj,t
 (4.2)
This equation essentially shows that the yield on assets of different maturities tend to
move together. Assuming the risk premia is constant over time the right hand side of
equation (4.2) is stationary. Following from this, the left hand side is stationary as
well i.e. (Rk,t − R1,t) ∼ I(0) and that (1,−1)′ is the cointegrating vector for any series
Xt = [Rk,t, R1,t]
′. Empirically, according to the Granger Representation Theorem (Engle
and Granger 1987), cointegration between a set of variables implies the existence of a
vector equilibrium correction model (VECM). This provides the rationale for modeling
the dynamic inter-relationship between interest rates using a VECM approach that is
adopted in the present study.
The implication of the dynamic structure of VECM for the Fisher-Hicks formula is
that the movements in the long term rates are affected by market expectations of the
movements in the short term rates. Since the federal funds futures rate is found to
efficiently incorporate all the information about market expectations of monetary policy
stance (Gu¨rkaynak et al. 2007; Krueger and Kuttner 1996; Robertson and Thornton
1997), expectations hypothesis would suggest a co-movement in the long run between
the 3-month T-bill rate and the Federal funds futures rate. It is important to note
that given the institutional features of the futures markets, the present study uses the
expectations hypothesis as the underlying framework but it is not a straightforward
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application of equation (4.2).4
4.4 Data
This study uses 19 years of daily data from 05/17/1989 through 06/25/2008 for the one
month federal funds futures rate and the U.S. 3-month constant maturity T-bill rate.
The sample period ends in 2008 to avoid the problem of zero lower bound in the federal
funds rate during the current financial crisis. The study also use the spot month federal
funds futures rate and the target federal funds futures rate to support the study. The
daily data for the U.S. 3-month T-bill rate is obtained from the Federal Reserve Bank
of St. Louis’s FRED database. The Federal funds futures contract rate as well as the
target Federal funds has been provided by Kenneth N. Kuttner.5
The 30-day federal funds futures contract most closely track the average daily ef-
fective federal funds rate for a given calendar month as calculated and reported by the
Federal Reserve Bank of New York. Since the Federal funds futures contract is based
on the effective overnight Federal funds rate for a given month, it tends to be highly
correlated with other short-term interest rates. The Chicago Board of Trade (CBOT)
has been offering Federal funds futures contracts since October 1988 for several different
deliveries going from the current month to five months ahead.6 Even though contracts
with longer deliveries exist, liquidity in those contracts is significantly lower.
4This is because the federal funds futures contracts are traded and settled against the average
daily effective federal funds rate for the delivery month, which makes direct application of the
basic Fisher-Hicks formula less appropriate.
5 Typically, single time series of futures prices is spliced together from individual futures
contract prices based on liquidity considerations (See for example, Ahn et al. (2002)).
6Federal funds futures contracts have a nominal value of $ 5 million and the settlement price
is expressed as 100 minus the expected average effective federal funds rate for the delivery month.
For example, if a January contract has a price of 95.75, it reflects an anticipated average federal
funds rate of 4.25 percent for that month.
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These contracts serve two important purposes. First, it allows the market partici-
pants to hedge interest rate risk. Second, it also serves the role of tracking expectations
of the market about the future monetary policy actions. Among the variety of market-
based measures of monetary policy expectations Gu¨rkaynak et al. (2007) finds that
federal funds futures dominate all the other securities in forecasting monetary policy at
horizons out to six months.
The descriptive statistics of the data used is presented in Table 4.1. A usual yield
curve is expected to slope upward. However, contrary to that the one month FF futures
rate is greater than the 3 month T-bill rate by 20 basis points on an average. This is not
very surprising given the fact that the T-bill rate is free of default risk whereas the funds
rate is not.7 Further, given the fact that FF futures rate captures the expectations of the
market about future monetary policy actions it seems reasonable that the variability of
the FF futures rate is marginally higher than the T-bill rate. For almost all the variable
the third and forth moment suggests that the underlying distribution may be normal.
4.5 Empirical Analysis
4.5.1 Common Trends in Federal Funds Futures Rate and T-Bill Rate
It is well established in the literature that interest rates across different maturities move
together in the long run. In order to study the dynamic relationship between the federal
funds futures rate and the T-bill rate, we first examine the existence of the long-run
relationship between these two rates.
7Sarno and Thornton (2003) note that the possible explanation to the higher effective Federal
funds rate and the T-bill rate could be attributed to the difference in the tax treatment on the
interest income earned from the two instruments.
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Let ft and rt denote the one month FF futures rate and the 3-month T-bill rate
respectively. As a preliminary step, non-stationarity in these two variables needs to be
established. The results in Table 4.2 clearly suggest that both ADF and PP test do
not reject the null of unit root for both the rates at conventional levels of significance.
At the same time, the test results of a difference series does induce stationarity in each
case. This clearly establishes that the two variables are integrated of order one. Since
the two variables are non-stationary the equation representing the long run relationship
between the FF futures rate and the T-bill rate is given by:
ft = β0 + β1rt + t (4.3)
In order to support the expectations hypothesis the necessary (though not sufficient)
condition that needs to be satisfied is that these variables are cointegrated. Thus, ft and
rt would share a common trend in the long run in which case the estimated cointegrating
residual ˆt = ft−βˆ0−βˆ1rt should be stationary.8 As a first step, it is important to test for
the stationarity of the cointegrating residual and perform the Johansen cointegration test
for the number of cointegrating vector. To estimate the cointegrating vector the Stock
and Watson (1988) dynamic ordinary least squares (DOLS) methodology is adopted.
Newey-West heteroskedastic autocorrelation consistent standard errors are estimated
since there is a significant degree of serial correlation in the residuals if just OLS is
used.9 In the DOLS estimation of the cointegrating vector [Eq. 4.4] fifteen lags based
8The “hats” represent estimated values in rest of the paper.
9No adjustment is necessary for the generated regressors problem since Stock and Watson
(1988) have shown that the estimates of the β′s are superconsistent i.e. the true parameter
converges to the true values at rate T rather than
√
T as in OLS. This is in spite of the fact that
the explanatory variable and error terms are correlated.
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on the Schwartz criterion are selected.
ft = β0 + β1rt +
+15∑
j=−15
γ′∆rt−j + et (4.4)
The null of the unit root in the residual is rejected at 1 percent level of significance.
The stationarity of the residuals means that the two rates share a common long term
trend. The results in Table 4.3 show the DOLS estimate of the cointegrating parameter
to be −1.05 which is very close to −1 that is implied by the expectations hypothesis.
The cointegrating residual obtained from the DOLS procedure is plotted in Figure 4.1.
The estimated cointegrating residual ˆt > 0 (ˆt < 0) essentially implies that the
FF futures rate is too high (low) or that the T-bill rate is too low (high) relative to
the equilibrium relationship. Though the cointegrating residual has a mean zero (by
construction) it is evident from Figure 4.1 that with the onset of the recent financial
crisis the residual has remained significantly positive. The FF futures rate has remain
significantly above the long-run value implied by the cointegrating relationship. The
long-run cointegrating relationship implies that either the federal funds rate is expected
to fall or the T-bill rate is expected to rise in future.
For robustness check, Johansen cointegration test is also performed. Both the trace
statistic and the maximum eigenvalue statistic indicate the presence of one cointegrating
relationship. Null of no cointegration is rejected, whereas the null of one cointegrating
relationship is not rejected for the maximum eigenvalue statistic as well as for the trace
statistic.10
10The detailed test results for both the unit uoot test and the Johansen’s cointegration test
are available upon request.
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4.5.2 The Dynamic Relationship
The EH presented before postulates that expectations of future short interest rates shape
the term structure of longer interest rates. Especially this should be true in case where
the short term rate is the Federal Reserve policy variable. In that case one can expect
that the 3-month T-bill rate should adjust to the expected changes in the Fed funds rate.
Even though it is difficult to measure market expectations, strong evidence exists that
suggests that the FF futures market contracts provides an “efficient” forecast about the
future course of Fed’s policy actions.11 Thus, the movement in the T-bill rate should
be predictable by using the joint dynamics between the FF futures rate and the T-bill
rate that is proved to exist in the preceding section.
More specifically, we know that the FF futures rate and the T-bill rate share a
common trend in the long run. This implies that either the FF futures rate or the T-bill
rate or both should be predictable since at least one of the variables would correct for
any short term disequilibrium. The Engel and Granger representation theorem provides
the VECM representation of the cointegrated system as follows:
∆Yt = ν + αβˆ
′Yt−1 + Γ(L)∆Yt−1 + et (4.5)
where Yt = (1, ft, rt)
′, ∆Yt is the vector of the first differences, (∆ft,∆rt)′, and Γ(L) is
a finite-order distributed lag operator, α = (αf , αr)′ represents the vector of adjustment
parameters. The following VECM has been estimated
∆ft = γ10 + γ
f
11∆ft−1 + γ
r
12∆rt−1 + · · ·+ γf15∆ft−3 + γr16∆rt−3 + αf βˆ′Yt−1 + eft (4.6)
11See Gu¨rkaynak et al. (2007); Krueger and Kuttner (1996); Robertson and Thornton (1997).
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∆rt = γ20 + γ
f
21∆ft−1 + γ
r
22∆rt−1 + · · ·+ γf25∆ft−3 + γr26∆rt−3 + αrβˆ′Yt−1 + ert (4.7)
where βˆ′Yt−1 = ft−1 − βˆ0 − βˆ1rt−1 is the disequilibrium error or cointegrating residual
from the last period. Three lags are chosen based on the Schwartz information crite-
rion criteria. Even though the Akaike information criterion or Hannan-Quinn criterion
suggests longer lags the results do not change qualitatively (and to a large extent even
quantitatively) if more lags were included instead. If α′s are statistically significant
then it implies that the variable in the current period would adjust to restore the long-
run equilibrium subsequent to any shock that distorts the equilibrium that occurred in
the last period. Thus, if the Yt is cointegrated then at least one of the α
′s must be
significantly different from zero.
The results presented in Table 4.4 show that both αf and αr are significant at
5-percent level. Any deviation of either of the rates in the current period from their
shared long term trend would lead to a correction in both of these rates in coming trading
session in order to restore to their long run equilibrium path. Thus, both the one day
ahead 3-month T-bill rate and the FF futures rate could be predicted by exploiting the
long run joint dynamics between these two interest rates.12 This result is in contrast to
Sarno and Thornton (2003), where they find that only effective federal funds rate moved
to correct for the disequilibrium.
To examine how the results would change if the spot month FF funds rate is used
in place of one month FF futures rate, we perform the cointegration and the VECM
analysis with spot FF futures rate. The hypothesis is that the one month ahead FF
12In fact even one week lagged value of cointegrating residual still posses the forecasting power
of both the FF futures rate as well as the T-bill rate. Both αf and αr are significant for the
seven day lagged value of the error correcting residual. The results are not presented here to
conserve space but are available upon request.
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futures contract would be expected to contain more information in predicting the 3-
month T-bill rate as compared to the spot months FF futures contract. If the hypothesis
were true then one month federal funds futures rate would have stronger predictive power
for movement in T-bill rates than the spot federal funds futures rate.
The DOLS procedure with spot month futures contract indicate the cointegrating
vector to be −1.05 which is the same as what we find when the one month futures
contract is used. The VECM estimates from the spot month Fed futures contract
presented in Table 4.6 provides evidence in support of the expectations hypothesis.
When the spot month FF futures contract is used the αr is statistically not different
from zero.13 Also, the adjusted R-squared drop by a very small margin as well. Even
though the spot month FF futures and the T-bill rate are cointegrated it is only the spot
month FF futures rate that adjusts to restore any disequilibrium error that occurred in
the last period, but not the T-bill rate. This implies that the information content in the
cointegrating residual obtained by using the spot month FF futures is significantly less
than when the one month FF futures rate is used. It is important to note that while this
may be a necessary conditions it is not a sufficient condition to confirm the expectations
hypothesis of interest rates.
Following Sarno and Thornton (2003), I further check for robustness of the results
by including ∆(FFE − FF T )t−1 as a RHS variable in the VECM model, where FFE
is the effective Fed funds rate and FF T is the targeted funds rate. This is important
because the past deviation of the effective Fed funds rate from the target Fed funds rate
may have implications on current movements in the 3-month T-bill rate and the one
13Three lags are chosen based on the Schwartz criterion. Further, it also keeps the comparison
even. However, results do not change in any significant way if more lags are included as implied
by other lag length criterion’s.
106
month FF futures rate. If the source of the current changes in the T-bill rate is mainly
due to this factor, then it would undermine the result that the one month FF futures
rate has significant information content for the movements in the T-bill rate.
The results of this robustness check is presented in Table 4.7. The results clearly
remain robust to this specification. This is in contrast to Sarno and Thornton (2003)
results. In their study the adjustment coefficient of the effective Fed funds rate reduces
once ∆(FFE −FF T )t−1 is included as a RHS variable in the VECM. The coefficient of
the error correction for both the one month FF futures rate as well as the T-bill rate do
not change both quantitatively and in significance. This highlights the point that the
long run relationship of one month FF futures market with the T-bill rate that is used
in this paper has significant information content in predicting the T-bill rate which is
over an above than the information implied by the Fed’s targeting procedure.
Given the information advantage of the one month FF futures and its relationship
with the 3-month T-bill rate, the analysis is now extended to decompose these two
interest rates into the trend and the cycle.
Multivariate Beveridge-Nelson Decomposition
Using the VECM results, the study performs trend-cycle decomposition using the Beveridge-
Nelson (1981) (BN hereafter) methodology. Under this methodology the trend in each
variable is simply the long-run forecast of the variable that is furnished by the trend
component of the multivariate BN decomposition for the cointegrated system (ft, rt)
′.
The results obtained from the BN methodology would reinforce the findings that the
FF futures rate would have relatively more deviation from the trend as compared to the
T-bill rate.
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The BN methodology decomposes a non-stationary series into a random walk com-
ponent and a stationary component which is the cycle of the non-stationary series.
Applying the Engel-Granger theorem the BN decomposition of Yt has the following
representation:
Yt = y0 + µt+ Ψ(1)
t∑
j=1
j +
v
t − v0 (4.8)
where
Ψ(1) = β⊥(α′⊥Γ(1)β⊥)
−1
α′⊥ (4.9)
and the deterministic trend is given by TDt = y0 + µt, the BN trend is TSt =
Ψ(1)
∑t
j=1 j and the cycle is Ct =
v
t − v0. Also, vt =
v
Ψ(L)j and Ψ(L) = Ψ(1) +
(1− L)
v
Ψ(L).
The practical implementation of this trend-cycle decomposition for cointegrated sys-
tem has been done by using Morley’s (2002) state space technique.14 The state space
representation of the above model and decomposition of the variables into a trend and
a cycle using above technique is presented in Appendix 1. Using this methodology the
FF futures rate and the T-bill rate have been decomposed into the trend and the cycle.
Figures 4.2 and 4.3 presents the respective trend and cycle for the FF futures and
the T-bill rate. Figure 4.2 shows that FF futures rate tends to have large deviations
from its trend and thus a large cyclical component. In case of the T-bill rate Figure
4.3 shows that the cyclical component is also significant. These results are consistent
with the VECM results where it is found that both FF futures and T-bill rate move
to correct for the short-run disequilibrium implying the presence of significant cyclical
14Morley (2002) methodology provides a simple technique of trend-cycle decomposition of
cointegrated variables using state-space method.
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component in both of these time series.
During the recent financial turmoil Figure 4.2 reveals that the federal funds rate
cycle was above the trend. At the same time, Figure 4.3 shows that the cycle of the
T-bill rate was negative during the recent crisis. In the financial crises, since the risk
perception of market participants remained at significantly elevated levels, this converted
into increased demand for the default-risk free Treasury security. This meant that the
T-bill rate remain below the long term trend and at the same time the FF futures rate
remain significantly above the long term trend. The positive cycle in the FF futures rate
indicated a future reduction in federal funds rate and this was validated by the actual
change in the federal funds rate during 2008-09 period.
4.6 Robustness Results
Given the exceptional behavior of the relationship between the FF futures rate and
the T-bill rate in the recent financial turmoil it becomes necessary to see how would
the results change if the period of recent financial crisis is excluded. Thus, in order to
check robustness of the results the study performs the same analysis for the period from
05/17/1989 to 07/31/2007.
The DOLS estimate of the cointegrating vector for this is period is estimated to be
−1.06 which is close to the full sample estimate of −1.05 and also the theoretically im-
plied estimate of −1. Thus, the estimate of the cointegrating vector remains unaffected
by exclusion of the financial crisis. Following from this, the VECM model is estimated
for the period excluding recent crisis period. These results are presented in Table 4.8.
To maintain consistence Schwartz information criterion is used which suggests five lags
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in the VECM model.15
The VECM results presented in Table 4.8 suggests that the findings in the paper
clearly remain robust if the recent crisis period is excluded. Both the adjustment co-
efficients, αr and αf still remain highly significant. In fact the absolute value of αr
increases from 0.01 to 0.02 and absolute value of αf increases marginally as well. This
is implies a greater role of the information content in FF futures rate in predicting the
movement in the T-bill rate as indicated by these speed of adjustment coefficients.16
Thus, a much stronger relationship exists between the FF futures rate and the T-bill in
the 1989-2007 period.
The trend-cycle analysis for the sample from 1989 to 2007 is also investigated, the
results of which can be found in Figures 4.4 and 4.5. Comparing the cycle in Figure
4.2 for the period before 2007 with Figure 4.4 it is evident that there is no significant
change in FF futures cycle if one excludes the recent period of financial distress. In
case of the T-bill cycle also, Figures 4.3 and 4.5 provide evidence of robustness of the
earlier results. The results suggest a smaller cyclical component for both the FF futures
rate and the T-bill rate at the end of the sample period in 2007 as compared to the full
sample period when the sample ended in 2008. This is intuitive since the bigger cyclical
component for the full sample period in 2008 was reflecting the stress in the financial
market
Overall the analysis remains robust to the exclusion of recent period financial tur-
moil. If anything, the result suggests a stronger relationship between the FF futures
15Again the results do not change if more lags are included as suggested by other criterion’s.
The other detailed results that includes DOLS output, unit root tests and cointegration tests
for the truncated sample are not presented to conserve space.
16The adjustment coefficients do not change if ∆(FFE − FFT )t−1 is included as additional
RHS vraible in the VECM.
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rate and the T-bill rate.
4.7 Conclusions
In this paper, using high frequency daily data the study examines the dynamic relation-
ship between the federal funds futures rate and the 3-month T-bill rate. The results
show that the 1-month federal funds futures rate is cointegrated with the 3-month T-bill
rate and thus move together in the long run. More importantly, any deviation of the
one month federal funds futures rate and the T-bill rate from their long run equilibrium
forces both the rates to error correct in order to restore to the equilibrium path. How-
ever, in a cointegrated system between the spot month federal funds futures rate and
the T-bill rate, only the spot month FF futures rate does the error correction, but the
T-bill rate does not adjust to correct for the short term disequilibrium. These findings
are consistent with the implications of the expectations hypothesis of the term structure
of interest rates.
Since the one month FF futures rate and the T-bill rate move to correct for the
disequilibrium we can exploit this long run property to decompose the federal funds
futures rate and the T-bill rate into the trend and cycle using multivariate Beveridge-
Nelson methodology. The trend-cycle results show that there was a big positive cycle in
the FF futures rate before 2008 implying a future downward movement in the FF futures
rate. Further, a negative cycle in T-bill market during the financial crisis implying the
yield on T-bill was below the long-run trend. The results are also robust to the exclusion
of the recent financial crisis sample period.
111
Table 4.1: Descriptive Statistics
Variable Mean Median Max Min Std.Dev. Skewness Kurtosis
FF Target 4.48 5.00 9.75 1.00 1.98 0.07 2.70
FF Effective 4.51 4.95 10.48 0.86 2.00 0.08 2.70
FF Futures (Spot) 4.50 4.96 9.83 0.99 1.99 0.07 2.70
FF Futures (1 Mth) 4.50 4.99 9.72 0.84 1.97 0.00 2.61
3-Mth T-bill 4.29 4.70 8.92 0.61 1.87 -0.04 2.53
Note: The table reports the summary statistics for Federal funds (FF) rates and the 3-
Month constant maturity T-bill rate.
Table 4.2: Unit Root Test Results
Variable ADF PP
t-Stat P-Value t-Stat P-Value
FF Futures (1 Mth) -2.06 0.57 -2.01 0.59
3-Mth T-bill -1.88 0.67 -1.69 0.76
∆ FF Futures (1 Mth) -9.26 0.00 -63.06 0.00
∆ 3-Mth T-bill -22.51 0.00 -62.94 0.00
Note: The table reports the results from the two unit root tests, namely Augmented
Dickey-Fuller (ADF) and Phillips-Perron (PP) tests. The last two row presents the
test statistics for both the variables in their first difference (∆).
Table 4.3: DOLS Estimate of Cointegrating Vector
Coefficient Value Std.Error P-Value
β0 0.002 0.0217 0.914
β1 1.046 0.0047 0.000
Note: The table reports the DOLS estimate of the cointegrating vector. Standard
errors are Newey-West HAC errors.
112
Table 4.4: Estimates from Cointegrated VAR Using One Month FF Futures Rate
Dependent Variable ∆ft ∆rt
∆ft−1 0.070 (4.437) 0.109 (5.056)
∆ft−2 -0.001 (-0.040) 0.109 (5.048)
∆ft−3 -0.009 (-0.560) 0.126 (5.819)
∆rt−1 0.042 (3.595) 0.058 (3.625)
∆rt−2 -0.003 (-0.235) -0.120 (-7.624)
∆rt−3 0.001 (0.069) -0.120 (-7.591)
βˆ′Yt−1 -0.017 (-6.052) 0.011 (2.947)
R¯2 0.020 0.042
Note: The table reports the result from VECM estimation by using the one month
FF futures contract. The t-statistic are in parenthesis. Second last row shows the ad-
justment coefficient of the one day lagged value of the estimated cointegrating residual
βˆ′Yt−1 = ft−1 − βˆ0 − βˆ1rt−1.
Table 4.5: Estimates from Johansen’s Method Using One Month FF Futures Rate
∆ft Std.Error ∆rt Std.Error
Normalized cointegrating coefficients 1.000 - -1.038 0.012
Adjustment coefficients -0.019 0.003 0.011 0.004
1 Cointegrating Equation: Log likelihood 16343.95
Note: The table reports the result from Johansen maximum likelihood method by
using the one month FF futures contract. The t-statistic are in parenthesis.
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Table 4.6: Estimates from Cointegrated VAR Using Spot Month FF Futures Rate
Dependent Variable ∆ft ∆rt
∆ft−1 0.019 ( 1.283) 0.049 ( 2.652)
∆ft−2 -0.015 (-1.056) 0.078 ( 4.253)
∆ft−3 -0.025 (-1.701) 0.053 ( 2.900)
∆rt−1 0.024 ( 2.032) 0.078 ( 5.228)
∆rt−2 -0.002 (-0.146) -0.104 (-7.011)
∆rt−3 0.006 ( 0.463) -0.097 (-6.489)
βˆ′Yt−1 -0.027 (-12.256) -0.005 (-1.795)
R¯2 0.036 0.030
Note: The table reports the result from VECM estimation by using the spot month
FF futures contract. The t-statistic are in parenthesis. Second last row shows the ad-
justment coefficient of the one day lagged value of the estimated cointegrating residual
βˆ′Yt−1 = ft−1 − βˆ0 − βˆ1rt−1.
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Table 4.7: Robustness Check: Cointegrated VAR Using One Month FF Futures
Rate
Dependent Variable ∆ft ∆rt
∆ft−1 0.072 (4.522) 0.108 (5.004)
∆ft−2 0.000 (0.025) 0.108 (5.009)
∆ft−3 -0.009 (-0.614) 0.126 (5.850)
∆rt−1 0.039 (3.380) 0.059 (3.736)
∆rt−2 -0.002 (-0.202) -0.121 (-7.644)
∆rt−3 0.000 (0.056) -0.120 (-7.584)
βˆ′Yt−1 -0.017 (-6.057) 0.011 (2.948)
∆(FFE − FF T )t−1 0.000 (2.597) -0.005 (-1.522)
R¯2 0.021 0.042
Note: The table reports the result from robustness check by including the lagged
deviation of the effective fed funds rate FFE from the target Fed funds rate FFT . The
t-statistic are in parenthesis. The table shows that the adjustment coefficient of the one
day lagged value of the estimated cointegrating residual βˆ′Yt−1 = ft−1 − βˆ0 − βˆ1rt−1
remain robust even after the inclusion of ∆(FFE − FFT )t−1.
Table 4.8: Robustness Check: Estimates from Cointegrated VAR Using One
Month FF Futures Rate (Excluding Recent Crisis)
Dependent Variable ∆ft ∆rt
∆ft−1 0.072 (4.283) 0.125 (6.162)
∆ft−2 0.021 (1.241) 0.104 (5.137)
∆ft−3 0.000 (-0.013) 0.053 (2.616)
∆ft−4 0.035 (2.059) 0.062 (3.059)
∆ft−5 0.014 (0.815) -0.002 (-0.080)
∆rt−1 0.037 (2.622) 0.018 (1.087)
∆rt−2 -0.011 (-0.771) -0.114 (-6.792)
∆rt−3 -0.008 (-0.553) -0.091 (-5.418)
∆rt−4 -0.053 (-3.801) 0.019 (1.155)
∆rt−5 -0.014 (-0.995) 0.078 (4.691)
βˆ′Yt−1 -0.018 (-4.827) 0.021 (4.817)
R¯2 0.017 0.047
Note: The table reports the robustness of results by excluding the recent financial
crisis period. The VECM estimates are obtained by using the one month FF and
T-bill rate. The t-statistic are in parenthesis. Second last row shows the adjustment
coefficient of the one day lagged value of the estimated cointegrating residual βˆ′Yt−1 =
ft−1 − βˆ0 − βˆ1rt−1.
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Figure 4.1: Estimated Cointegrating Residual
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Figure 4.2: Estimates of the Trends and Cycle in FF Futures Rate.
(a) FF Futures Rate Actual and Trend
(b) FF Futures Rate Cycle
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Figure 4.3: Estimates of the Trends and Cycle in T-bill Rate.
(a) T-bill Rate Actual and Trend
(b) T-bill Rate Cycle
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Figure 4.4: Estimates of the Trends and Cycle in FF Futures Rate (Excluding
Recent Crisis).
(a) FF Futures Rate Actual and Trend
(b) FF Futures Rate Cycle
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Figure 4.5: Estimates of the Trends and Cycle in T-bill Rate (Excluding Recent
Crisis).
(a) T-bill Rate Actual and Trend
(b) T-bill Rate Cycle
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CHAPTER 5
Concluding Remarks
Expectations of economic agents play a central role in monetary policy analysis.
However, empirical estimation is significantly challenged since the true underlying ex-
pectations are not directly observable. In a set of three essays, I addresses this challenge
to study topics relating to monetary policy. To this end, I use the information in various
forward-looking financial market instruments. These instruments capture expectations
of the agents and have several appealing features of being market determined, forward
looking, available at high frequency, and mostly efficient.
One of the central topics relating to monetary policy is understanding the inflation-
output relationship in the economy. In the first essay, I study the trade off between
inflation and output within the hybrid New Keynesian Phillips Curve framework for
the U.K.. Under this framework inflation expectations is one of the important factors
driving current inflation. To measure these unobserved inflation expectations, I take
advantage of information contained in the inflation-indexed bonds market. More impor-
tantly, since the true inflation expectations are not directly observable the estimation is
performed using an unobserved component model. Results suggest that inflation expec-
tations estimated from this model play a statistically significant role in driving inflation
dynamics in the U.K.. Further, there is evidence of a mild but statistically significant
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trade-off between inflation and output.
Another topic that interests the monetary policy maker is assessing the asset price
channel of monetary policy. This is because the most immediate impact of monetary
policy actions is felt on the financial markets. The second essay evaluates the impact of
federal reserve policy surprises on the stock markets across the world. These surprises are
derived from high frequency federal funds futures market contracts. Several researchers
have found these instruments to efficiently capture the expected monetary policy actions
by the Fed. One of the main contributions of the study is that it accounts for the possible
time variation in the response of stock returns across the world to U.S. monetary policy
surprises. Evidence suggest existence of significant time variation in the response of
world stock markets to fed policy surprises, where an unanticipated interest rate cut
leads to an increase in stock returns. The time varying pattern show that the foreign
stock markets respond more to U.S. monetary policy surprises during the crisis periods.
Further, responses to the fed policy surprise was remarkably different during current
financial crisis which is not found in earlier episodes of crisis.
The information advantage of federal funds futures rate at capturing monetary pol-
icy actions raises another interesting question - does federal funds futures rate contain
information about the Treasury bill rate? The third essay studies the dynamic relation-
ship of the one month federal funds futures rate with the 3-month T-bill rate. Evidence
suggests the two rate are cointegrated, and thus share a common long run trend. The
key finding is that any deviation from the long run equilibrium leads to a correction in
both the one month federal funds futures rate and the T-bill rate to restore the long run
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trend. The study further extends the analysis by decomposition of the two variables
into a trend and cycle using multivariate Beveridge-Nelson methodology.
Overall, my dissertation attempts at addressing empirical challenge of measuring
expectations involved in monetary policy models. This is done by taking advantage
advantage of the information in the forward looking financial market securities. In
a set of three essays, I analyze various important topics related to monetary policy.
Particularly, estimating inflation dynamics, assessing the asset price of monetary policy,
and understanding the dynamic relationship of the money markets.
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Appendix A: State Space Representation
of Unobserved Component Model
Measurement Equation
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pi,t
v,t
0

∼ i.i.d.N


0
0
0
0

,

σ2pie 0 ρpievσpieσv 0
0 σ2pi 0 0
ρpievσpieσv 0 σ
2
v 0
0 0 0 0


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Appendix B: State Space Representation
of Multivariate Beveridge-Nelson Trend
and Cycle
Based on Cochrane (1994) and Morley (2002) we present a state-space representation
of the multivariate Beveridge-Nelson trend and cycle. We have the following VECM
equations
∆ft = γ10 + γ
f
11∆ft−1 + γ
r
12∆rt−1 + · · ·+ γf15∆ft−3 + γr16∆rt−3 + αfβ′Yt−1 + eft
∆rt = γ20 + γ
f
21∆ft−1 + γ
r
22∆rt−1 + · · ·+ γf25∆ft−3 + γr26∆rt−3 + αrβ′Yt−1 + ert
The Beveridge-Nelson cycle is defined as
Y ct = −[E(∆Yt+1|It) + E(∆Yt+2|It) + ...+ E(∆Yt+k|It) + ...]
where It is the information available at time t. The state space representation of the
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above model is as follows:
∆f∗t
∆r∗t
∆f∗t−1
∆r∗t−1
∆f∗t−2
∆r∗t−2
β′zt

=

γf11 γ
r
12 γ
f
13 γ
r
14 γ
f
15 γ
r
16 α
f
γf21 γ
r
22 γ
f
23 γ
r
24 γ
f
25 γ
r
26 α
r
1 0 0 0 0 0 0
0 1 0 0 0 0 0
0 0 1 0 0 0 0
0 0 0 1 0 0 0
γf71 γ
r
72 γ
f
73 γ
r
74 γ
f
75 γ
r
76 1 + α
f − αr


∆f∗t−1
∆r∗t−1
∆f∗t−2
∆r∗t−2
∆f∗t−3
∆r∗t−3
β′zt−1

+

eft
ert
0
0
0
0
ezt

where γf71 = γ
f
11 − βγf21, γr72 = γr12 − βγr22, γf73 = γf13 − βγf23, γr74 = γf14 − βγr24, γf75 =
γf15 − βγf25, γf76 = γr16 − βγr26 and ezt = eft − βert and the starred letters represents the
mean adjusted variable. In matrix form the state space form can be written as
∆Y ∗t = F∆Y
∗
t−1 + e
∗
t
where eigenvalues of the matrix F are less than unity in modulus. Then the cycle of the
ith component of vector Y ∗t can be written as (i, i)th element of the matrix −(F +F 2 +
F 3 +−−−) ∗∆Y ∗t which is equivalent of (i, i)th element of matrix −F (I −F )−1 ∗∆Y ∗t .
The trend component is computed by substracting the cyclical component from the
corresponding variable.
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